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SUMMARY

Problems caused by decay in buildings in the
United States and the means to avoid or control them
are dealt with in this work. The principal moisture
situations and construction features most responsible
for the occurrence of decay in various building parts
are described, and directions are given for appro-
priately modifying or eliminating undesirable condi-
tions. Emphasis throughout is on the two primary
means of protecting against decay: 0 The uwe of dry
wood and of construction methods to keep wood dry,
and methoas to treat wood with a suitable preserva-
tive in areas where dry conditions cannot be main-
tained. • -work is based on observations and re-

search for more than 40 years by agencies of the
Department of Agriculture in cooperation with the
Department of Defense and the Federal Housing Ad-
ministration, Department of Housing and Urban De-
velopment.
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PRINCIPLES FOR PROTECTING

WOOD BUILDINGS FROM DECA Y

By
T. C. SCHEFFER-

Wood Products Pathologists (retired)A. F. VERRALL2-

Forest Service
U. S. Department of Agriculture

WOOD AS A CONSTRUCTION MATERIAL

Mankind is fortunate to have wood, an ever-
renewable, abundant resource. Trees can be
grown on a wide variety of sites and under many
climatic conditions; this has made lumber and ,.
other wood products readily available for building ".'
construction and many other uses. Wood is easily ' "'
shaped to dimension; therefore it is usable with
relatively simple tools. The great variety of forms
and the decorative features available are limited
only by the skill, resourcefulness, and imagination ,
of the user. When properly used, wood has consis-

tently given many years of satisfactory service. , ii
Much of the worldwide acceptance of wood as a o il _

construction material must be attributed to the - _

capacity of wood to withstand weather and, in . ..

many species, to resist degradation by fungi and
insects. The continuing serviceability of frame Figure I.--This house built in 1750 at
buildings--some are several hundred years old-- Portsmouth, Conn., Is an example of
attests to a high order of durability (fig. 1). good performance of wood in house
Certain precautions in construction and main- construction.
tenance are, of course, necessary to ensure this
durability. (M 25010)

Many properties of a specific wood influence
its suitability for a particular use.3 Two of these
are of major importance in protecting buildings
from decay: Moisture relationships and natural
decay resistance.

-Formerly of Forest Products Laboratory, Madison, Wis.
*2 -Formerly of Southern Forest Experiment Station, New Orleans, La.

-U.S. Forest Products Laboratory, Forest Service. 1955. Wood Handbook. USDA, Agr. Handb. 72,
528 pp.
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Moisture Relationships Sicnificant ping occurs. For each 1 percent loss in mois-
in Decay Control ture content below the fiber saturation point,

wood shrinks about one-thirtieth of its possible
shrinkage.

An understanding of wood-moisture relation-
ships is essential to the application of decay
preventive and control measures, because decay- Ligulds
producing fungi must have water.

Wood swells and shrinks with changes in mois- Water, such as rain or droplets of condensate,
ture content caused by changes in humidity and may be drawn into the wood by capillary action.
by absorption and loss of water. Small dimen- It moves inward most rapidly through the tubelike
slonal changes of wood in use are unavoidable- cell cavities. With a continuing source of supply,
excessive changes commonly are associated with the water will continue inward at a significant
poor design, careless workmanship, or inadequate rate until the capillary forces are offset by built-
maintenance. These conditions can lead to warp- up air pressure and by the drag imposed by fric-
ing, checking, or nail pulling that opens joints or tion. While the water travels through the cell cavi-
creates new avenues for the entry of rainwater and ties, it will also enter the cell walls and saturate
thus increases the chance of decay, them.

Wetting and drying of wood and the relative ease Oils are similarly absorbed into wood but with
with which it can be treated with preservatives are a very important exception: Oils move into the
influenced by absorptivity (the capacity ofwoodto cell cavities but do not enterthe cell wall. There-
pick up moisture) and permeability (the relative fore, absorption of oil does not cause wood to
ease with which moisture can move inward under swell.
a pressure gradient). Oftentimes no distinction Water generally moves into wood and wood
is made between these two properties. structures much faster than it escapes through

subsequent evaporation. Consequently, a relative-
ly brief period of wetting may create a decay-

Moisture Vapor promoting moisture level that will remain for a

considerable time.
Wood will give off or take on moisture from the

surrounding atmosphere until the amount it con-
tains balances that in the atmosphere. The mois- Penetrability of Wood
ture content of the wood at the point of balance is
called the equilibrium moisture content and is ex- The movement of a liquid along the pathway of
pressed as a percentage of the ovendry weight of the cell cavities is influenced by the cellular
the wood. In the usual temperature range, the structure. Most important are the pits in the cell
equilibrium moisture content depends chiefly on walls, through which the bulk of the liquid must
the relative humidity of the atmosphere. pass to get from one cell to another. Some pits

\Vater vapor is adsorbed only in the walls of arc readily traversed; others are relatively im-
the wood cells. The moisture content when the cell penetrable. Therefore, some woods are easily
walls are saturated but there is no water in the impregnated with preservatives, whereas others
cell cavities is known as the fiber saturation are practically impossible to impregnate.
point. At room temperature this point amounts to In most species, heartwood is more difficult
approximately 30 percent of the ovendry weight of to penetrate than sapwood because in the process
the wood. The amoun6 of moisture at fiber satura- of heartwood formation certain changes occur in
tion is the maximum that can be adsorbed from the pits that tend to plug them. In some hard-
moisture vapor. The fiber saturation point is the woods, the vessels become plugged with obstruc-
approximate lower moisture limit for attack of tions known as tyloses, which reduce permeabil-
wood by decay fungi. ity. Tyloses, for example, are responsible for the

As the cell walls take up or lose water, they marked impermeability of white oak wood, which
swell or shrink accordingly. Correspondingly, has made this a wood favored for barrel construc-
the wood swells or shrinks; if the dimensional tion. Back pressure is also significant in liquid
changes are uneven, warping, twisting, or cup- absorption. Air in wood becomes compressed
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while a liquid is being absorbed until finally back Natural Decay Resistance
pressure may become the dominant factor deter-
mining the rate of absorption.

A liquid can move into wood more easily along The structural elements of wood consist of
the grain than across it. Wood cells are much lignins, celluloses, hemicelluloses, and ash-
longer than they are wide, thus the liquid muEt forming minerals. These have no effect on decay
move through many more cells when going across resistance, but the celluloses and lignins, along
than when going in the direction of the grain. with stored starches and sugars, are the main
Therefore, water in contact with the side of a food source for wood-destroying fungi,
board is absorbed ini far smaller amount in the Wood also contains extractives which are uot
same length of time than ia water in contact with part of the wood strurcture but impart color, odor,
the end of the same board. This great difference and taste. Scme woods contain extractives that
in absorptivity between side grain and end grain are toxic to fungi and act as natural preservatives;
is an important factor in determining the decay the type and amount of these extractives determine
susceptibility of different kinds of wood construe- the degree of susceptibility or resistance to decay.
tion. The wood extractives effective against decay are

Irrespective of differences in penetrability, the chiefly phenolics. They vary in specific composi-
total amount of a given liquid that wood can hold tion and in potency as preservatives. They are
varies with specific gravity. The denser the present in effective amounts only in heartwood.

wooa, tile larger is the amount of space taken up In the heartwood of many durable species, decay-
by the cell walls and the smaller is the volume of retarding extractives tend to decrease in quantity
cell cavities available to receive the liquid, from the outer heartwood tothecenterof the tree.
Douglas-fir with an average specific gravity of At a given radial position in the tree, they usually
about 0.45 can absorb about 160 percent water; decrease progressively from the base to the top
that is, 160 pounds per 100 dounds of ovendry of tie trunk. These within-tree differences gener-
wood. A denser wood such as nak with a specific ally are greater as the tree increases in size and
gravity of about 0.60 can absorb onlý. about 100 age; the greatest decay resistance in an individual
percent, but a very light wood such as balsa tree is most likely to occur in the outer basal
with a specific gravity of aoout 0.25can absorb as heartwood and the least resistance in the inner
much as 300 percent. basal heartwoo.,

The rac'al decline in resistance from outer to
inner heartwood results largely from chemical

Effects of Fungus Infection changes iil the protective extractives over long
on Absorptivity periods. The potent preservatives depositedwhen

the heartwood is formed gradually alter with age
F'ungus infection tends to increase absorptivity and become less effective. Extractives that are

of wood. The increased abuorptivitv may be pro- ffective against fungi are not necessarily the
nounced even if the wood is not noticeably infected, same as those effective against insects or marine
The earliest changes in wood structure brought organisms.
about by infection occur in the wood elements that If long life is desired from untreated wood under
affect absorptivity most. As the fungi move into conditions suitable for decay organisms, only
wood, they pass through the oits and, in doing so, heartwood should be depended on regardless of
remove portions of the pit membrane and occlud- species. Under conditions that are suitable for
Ing substances, thus they enlarge the pit openings. decay organisms, the sapwood usually will be
In h ddition, they commonly remove portions ot the rotted quickly. In a few species, such as thei cells of the wood rams, through which liquids flow spruces and the true firs (not Douglas-fir) the
into wood radially (fig. 2). Although degradation of color of the sapwood and the heartwood is so
the pits and the wood rays by fungus infection does similar that frequently V, two cannot be dis-
not apprecik'bly reduce wood strength, the In- tinguished easily. Generally, both the heartwood
creased absorptivity can be disadvantageous to and the sapwood of these species have low re-
wood exposed to the weather because it promotes sistance to decay.
pickup of rainwater and thereby iacreases vulner- Reliltively young, second-growth trees usually
ability to decay. contain a hi~gher proportion of sapwrood than does

i'A



!I

'I !

" ~~~Figure 2.--Photomicrographs of •agnilsurface of pine showing wood rays opened by
S~~mold infection (arrow at left) and normal rays with cells intact (arrow at right); '
• ~wood-invading bacteria affect ray cells similarly.

I:. (M 128 680)

i virgin timber. Because most lumlbercomingfronm Black locust, Nvith its unusually durable heartwood, [
Stlareas east of the Rocky Mountains is from second- is suitable primarily for" posts, i

growth timber, it contains large percentages of Comparisons of wood species for decay resist-

lng all-heartwkood supplies of baldeypress lumber. resistancee lack precision because wood of the
Hleartwood of virgin redwood and western red- same species may vary considerably in resist- l

•,cedar is the chief source of domestic softwood ante. This simple basis of comparison can be
Mi..•lumber with high natural dlecay resistance. useful, however, if it is recognized that in

.. ,Douglas-fir heartwood is only moderately decay specific cases the resistance may vary con-
resistant in contact with the ground but in most siderably from the average
exterior service above ground it will considerably In table 1, common species native to the United
outperform other structural woods such as the States are grouped according to the ave:,age decay
spruces, the true firs, and the hemlocks. \Vhite resistance of the heartwood. Quantitative signlfi-
oak heartwood has been extensively used in ship- canoe may be assigned to the groupings by noting
building because of its combination of strength and that fence posts of substantially resistant orvery
decay resistance. but it is not avaitable in sufffl- resistant heartwood should last 10 to 20 or miore
Wtent amount for gewW@• use In lIui structures. years and Mose wlithnospr!stant heartwood about
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Table l.--ileartwood decay resistance of dometIc woods

Resistant or Moderately Slightly or
very resistant resistant nonresIstant

Baldcypress Baldcypress Alder
(old growth)!. (young growth)VL Ashes

Catalpa Douglas-fIr I Aspens
Cedars Honeylocust2 . Basswood
Cherry, black Larch, wcstern Beech
Che.:tnut Oak, swamp chestnut BIrches

Cypress, Arizona Pine, eastern whiteIl Buckeye?2
Junipers Pine, longlea$Il Butternut
Locust, black_3 Pine, slash!- Cottonwood
Mesquite Tamarack rms
Mulberry, redA . Hackberry
Oak, bur . Hemlocks

Oak, chestnut , Hickories
Oak, Gambel Magnolia
Oak, Oregon white : Maples
Oak, post : Oak (red and black
Oak, white species)._Osage-orange-33 Pines (most other

species)2

Redwood
Sassafras : Poplar
Walnut, black . Spruces
Yew, Pacifl cL . Sweetgum.2

Sycamore
Willows
Yellow-poplar

-Southern and eastern pines and baldcypress are now largely second
growth with a large proportion of sapwood. Consequently, it is no
longer practicable to obtain substantial quantilies of heartwood
lumber in These species for general building purposes.

:-These species or certain species within the groups have higher decay
resistance than most woods In this grouping.

:Exceptionally high decay resistance.

5 years or less. A wood that lasts longer than exhibited no more than moderate or slight resist-
another in the ground can also be expectedto last ance. An exception is M uorea Ruiso, which has
longer when used above ground. The actual years showed high resistance. The woods classed as red
of service--and correspondingly, the differences lauans usually are somewhat more resistant than
in service--will, of course, normally be greater the white lauans.
above ground. The season of the year when wood is cut is not

A number of foreign hardwoods have very high known to have any effect on decay resistance.
decay resistance. The best known is teak. Among Wood cut or peeled in late fall or winter is usually
the mahoganies, those from Central and South safer from immediate damage than that cut in
America (species of Swetenia) are generally warm weather. In cold weather, freshly cut timber
classified as decay resistant. African mahogany is exposed at a time when fungi are not active;
(Khava species) seems to have moderate decay thus, it may be moved to a safe place or it may

resistance. The Philippine mahoganies (species become dry enough to avoid attack by fungi before
of Shorea, Parashorea, and Dipterocarpus) have warm weather begins.

5Li
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Drying wood to be used untreated in contact It should be observed that no wood speaies
with the ground does not increase natural resist- classed as very decay resistant is uniformly
ance to decay. Drying may, however, have a very resistant to all decay fungi. The water-conducting
I nportant influence on the life-e%'pectancy of wood fungi (see ' Protecting Buildings After Construc-
used in certain confined parts of buildings or in tion) are notorious for their ability to decay
other unexposed places. Wood that is not dried be- all-heart cypress, redwood, and other decay re-
iore being built into spaces in which it cannot dry sistant woods. Therefore, when decay-resistant
rapidly may retain moisture so long that decay woods are used to repair a structure with decay,
organisms may harm it before it becomes dry. one should make certain that a water-conducting

fungus is not present.

BIOLOGICAL DETERIORA TION OF WOOD

Most measures to protect wood are directed Botanically, the fungi are a low form of plant
against three types of destruction: Biological life. They have no chlorophyll; therefore, they can-
(destructive utilization of wood by various organ- not manufacture their own food but must depend on
Jams), fire, and physical damage by breakage or food, such as wood, already elaborated by green
by deformation. By observing simple and inox- plants. Fungi convert wood they are invading into
pensivc precautions, the effects of these destruc- simple digestible products, and in the process the
tive forces can be held to a low level, wood loses weight and strength.

This report is concerned primarily with biolo-
gical deterioration caused by decay fungi. Mold and

stain fungi and bacteria are considered briefly, Sal Stain
particularly as they influence decay. Such physical

damage as warping and paint peeling are also men- Sap stain is a discoloraLion that occurs mainly in
tioned as affecting decay or as signs of a possible logs and pulpwood during storage and in lumber
decay hazard.- during air drying. As its name implies, it is a

discoloration of the sapwood. The "blue-stain"

type, which dominates and is the only one of the
sap stains of much Importance commercially, is

Kinds of Damage caused by the dark color of the invading fungus.
Sap stain can go deep into the wood causing a
Spermpnent blemish that cannot be surfaced off.

Four primary types of damage by wood- The color of sap stain usually ranges from a
attacking fungi are commonly recognized: Sap brownish or a steel gray to almost black, depend-
stain (chiefly the dark type, commonly known as ing on the fungus and the wood species.
blue stain), mohl, decay, and soft rot. The dis- Sap stain alone ordinarily does not seriously
tlnctlons among types are generally useful al- affect the strength of wood, but heavily stained
though not always sharp. Also, bacteria degrade wood is objectionable where strength is of prime
wood under special conditions. importance. Its presence signifies that moisture

Fungi destroy more wood than do any other and temperature have been suitable for the
organisms. Those causing decay, or rot, are by development of decay fungi; hence, early decay
far the most destructive. Fungi in their simple often is present though masked by the stain.
growing stage are threadlike, and the individual Stained wood is more permeable to rainwater;
strands, called hyphae, are invisible to the naked thus wood in exterior service is more subject
eye except in mass. These hyphae penetrate and to decay infection.
ramify within wood.

!In some areas, termi+es cause heavy damage. Also, marine borers severely damage untreated wood
items In contact with salt or brackish water. See the material listed under "Additional
Reading" at the end of this report for discussions of these problems.
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Mold development of the rot, and wood surfaces ex-
posedi to the elements tend to be profusely

Mold@ cause discoloration that is largely super- poe tohe lnetiedtobprueycracked and fissured both in and across the
ficial and can be removed by brushing or shallow grain direction like weatherbeaten driftwood and
planing. In coniferous woods the disooloration is- old unpainted buildings.
parted by mold fungi typically is caused by the The fngi that oause soft rot are in a corn-
color of surface spore masses (green, black, pletely different group than the more familiar
orange): in hardwoods the wood itself often in and destructive decay fungi; physiologically, they
superficially discolored by dark spots of various tolerate both wetter and drier conditions. The
sizes. wettest parts of cooling towers, for example, areMold hyphae, however, penetrate wood deeply subject to so•fl rot. Some of the molds and the
and increaae permeability, sometimes very sap stain fungi can progress far enough to cause
markedly, Also, heavy molding often is accom- suft rot if the wood is wet for a long enough time--

incipient decayusually substantially greater than the

time involved in producing air-dry lumber.
Because soft rot ordinarily is relatively shallow

and progresses inward slowly, It ordinarily is not
of great concern to the wood user. But where the

destroy wood substance and seriously reduce the wood member is comparatively thin, as in the fill
strength of wood. This may happen before there members of a cooling tower, even rather shallow
is any pronounced change in external appearance rot can weaken the wood members severely.
of the wood; thus even early decay can danger-
ously weaken a wood structural component. Ad-
vanced decay, of course, can render it entirely Bacterial Damage
useless. 

B l

Two major kinds of decay are recognized-- Bacteria, as well as fungi, can invade wood.
brown rot and white rot. Different types of fungi Bacteria generally have been troublesome in logs

are responsible for each, With brown rot, only stored in ponds or under continuous water sprays.
the cellulose is extensively removed: the wood rThey remove certain sapwood constituents, which
takes on a browner color and tends to crack increases the permeability of the wood. The
across the grain, shrink, and collapse (fig. 3). greater permeability adds, like that caused by
With white rot, both lignin and cellulose usually fungi, to susceptibility to serious wetting by rain.
are removed, the wood may lose color and Moreover, millwork of bacteria-invaded wood ab-
appear whiter than normal, it does not crack sorbs excessive amounts of preservative solution
across the grain, and until it has been severely when dip-treated. Generally bacteria do not ap-
degraded, it does not shrink or collapse (fig. 4). preciably weaken wood. Serious bacterial weak-

ening has been observed, however, in thin items
Soft Hot like cooling-tower slats and :n piling wetted by

fresh water for several decades.
Soft rot, although not identified and classified

until recent years, is another form of severe
wood degradation. Soft rot often can be identified Rot in the Livink Tree
by these characteri3tics: It tends to be shallower
than typical decay; the transition between the
rotted wood and the sound wood beneath is often All types of wood-inhabiting fungi and bacteria
abrupt: and if the damaged wood is scraped off occur in living trees. The decay fui.gi cause
with a knife, the blade may suddenly strike wood heartrot. One familiar heartrot occurs in pecky
that has almost normal hardness. Additional aids cypress, used for decorative paneling: another is
in identifying are a comparatively slow, inward the so-called white pocket common in low-grade

7
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Figure 4.--intermediate stage of white rot: Top, Decay on end grain. White rot Is
Indicated by abnormally light discoloration--often with mottling of the wood--and
often by dark-colored "zone lines" bordering the discoloration (see arrows), It
does not cause the wood to crack as does the brown rot. Bottom, Decay on side
grain.

(M 124 927)
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Initiation and Spread of Decay The tiny spores, which are analogous to seeds,

are transported in large numbers--often for great
distances--by wind and insects; those that light on

Decay fungi penetrate and proliferate inside susceptible wood may grow and create new infec-
wood from one wood cell to another through the tions.
natural openings, the pits, or through the small The cycle of decay infection is illustrated in
openings they make called bore holes. They figure 5. The highly specialized, sexual spores of
destroy the cell walls they contact, decay fungi are produced in so-called fruit bodies;

The fungi may spread from one piece of wood the familiar field mushrooms are an example.
to another by two methods: Others are the shelf- or bracket-like bodies that

1. Direct contact of sound wood with decayed appear on tree trunks, logs, dead branches, and
wood. rotting structures. Millions of spores can be pro-

2. Spores or unspecialized fungus fragments. duced by a single fruit body.

SPORES GERMINATING
SPORES

SEC
T

ION OF POSr SHOWING DECAY

INFECTED CELLS

Q •.;• ", ii -H YPHA• { , ,_,.-DECAY • ,=,.
ZONE

T.%.BORF

il HOLE"FRUITi .• .• .•: . /~~BODY'." - '" i

Figure 5.--Cycle of decay: Thousands of spores (top left) developed In fruit body
(bottom left) of the decay fungus are distributed by wind or insects. On contracting
susceptible wood they germinate and the fungus penetrates the wood Infecting It cel!
by cell (right). After causing a certain amount of decay, a fruit body Is developed
and the cycle Is repeated.

(M 124 755)
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Basic Conditions for Decay Moderate Temperatures

Decay fungi require moderate temperatures for
Decay fungi have the same four primary needs rapid development. They can do little harm to wood

as all of the higher forms of life, namely: Food, at near freezing or above 1000 F. Usually, the rate
air (oxygen), favorable temperature, and water. of decay is slow at temperatures below 500 F. and
By excluding or limiting any one of these, decay falls off markedly with temperatures above90OF.
can be prevented or restricted. In the main, decay fungi attack most rapidly in the

range of 75* to 90* F.
Naturally occurring subzero temperatures

Fungus-Susceptible Wood merely inactivate fungi, but high temperatures
kill them. The lethal effect of a high temperature

Decay fungi depend on the wood cellulose or on depends on the specific temperature and the
both the cellulose and the lignin for their nourish- length of time it is applied. A temperature below
ment. Wood can be made unavailable as food by about 1500 F. probably would be impractical as
keeping it dry or by poisoning It with a preserva- an eradication measure because it would have to
tive chemical. The heartwood of some timber be applied for an excessive length of time. Temp-
species contains naturally occurring preservative eratures generally reached in commercial kiln
chemicals that variously resist fungus infection, drying and pressure treatment sterilize wood.

Stain and mold fungi do not depend on the major

wood constituents for food; rather, much of their
development is supported by the nonstructural Adequate Wood Moisture
elements--mainly sugars and starch. Heartwood
generally is not suitable for stain and mold fungi Serious decay will occur only when the moisture
because it does not contain these nutritional ele- content of wood is above the fiber saturation point
ments in sufficient amounts. (approximately 30 percent, ovendry basis). This

amount of moisture cannot be acquired from
humid air but requires wetting of the wood by

Air in the Wood water. Initially dry wood kept dry under shelter
and protected against condensation will not rot.

All wood-attacking fungi require air as a s( urce An excellent rule for drying lumber is to re-
of oxygen. However, they need comparatively little duce the moisture content as soon as practicable
oxygen and can maintain essentially a normal rate to 20 percent or less. This is substantially below
of development at levels considerably below the the approximate 30 percent minimum needed to
amount of oxygen in ordinary air. If wood is held support decay organisms, but the lower figure is
under water, it cannot receive sufficient oxygen to advisable because it provides a margin of safety.
support heavy fungus attack. This explains why Although an average moisture content of 20 per-
many fourdation piles have serv.cd for decades cent can be easily attained in a load of lumber by

without preservative treatment when driven to a air-drying, a number of boards may have a mois-
depth completely below the water table. Converse- ture content considerably higher than the average.
ly, portions exposed to air by a lowering of the At construction time, lumber should have a mois-
water table will rot. Foundation piles should be ture content substantially below 20 percent to
treated to ensure protection. minimize dimensional changes as well as to pre-

One of the earliest and simplest means of vent decay.
protecting stored logs is to submerge them in The moisture content at which wood is most
freshwater ponds. Similarly effective restriction susceptible to decay lies in a broad range from not
of air can be obtained by keeping logs wet with a far above fiber saturation to som 5where between
water spray. Certain specialized fungi and bac- 60 and 100 percent. The upper level for rapid de-
teria can invade wood under water, but their ef- cay is determined by the specific gravity and

fcct generally Is one of increased permeability cross-sectional size of the wood. Both of these
rather than of typical decay. factors determine the rate of air exchange be-

11 J1
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tween the inside and the outside of the piece. its decay-contributing potential and to establish
The commonly used term "dry rot* is an un- a measure to determine the kind and amount of

fortunate misnomer because it implies that wood protection needed for various building components
can decay without being wet, which it cannot. The influenced by climate, a "climate index' wasnotion of rot in dry wood may have originated developed. The climate index is derived from a
from the appearance of dried wood after it has formula based on mean monthly temperatures and
been decayed by a brown-rot fungus. Wood with frequencies of rainfall (as published by the U.S.
brown rot often looks unusually dry, being brown Weather Bureau in Local Climatological Data),
and cracked as though it has been severely heated, relation of decay rate to temperature, and meas-
It is better to avoid theterm "dry rot" and simply ured actual rates of decay in different areas. It
use "rot* or 4decay.' is designed to keep the indexes in the United

The term Odry rot" also is misapplied todecay States largely within the range of 0 to 100. The
caused by the water-conducting fungi. The neces- formula is:
sary moisture in this case is impartedto initially
dry wood by the attacking fungus itself. These 'Dec.
specialized fungi conduct water through vinelike Climate Index .a (T - 35) (D - 3)
growths to considerable distances from an exter-
nal source (such as the soil) to the wood they 30

decay.
To prevent attack of a water-conducting fungus, where T is the mean monthly temperatur (*F), D

measures against wetting must be aimed directly is the mean number of days in the month with 0.01
at the water-conducting fungus rather than at one -Dec.
of the usual sources of moisture (see Protecting inches or more of precipitation, andJan. indi-
Building After Construction). Fortunately, decay cates the summation of the products for each of the
by the water-conducting fungi, although often rapid 12 months, January through December. The
and severe, is a comparatively minor part of the climate index for Madison, Wis., for example, is
overall problem. There are only two species of derived as follows: Monthly products (T - 35) x
these specialized fungi; one occurs predominantly - 3): Jan

(D -3: 0:0:0:72: 168 : 248 : 252 :210:156:75:in the United States and the other mainly in Europe. Dec
0:0 . The products are then added, giving 1,181,
which when divided by 30 gives an index of 39.

Effect of Climate on Decay The map in figure 6 is derived fromthe formula.
It is useful for estimating the climate index of
localities where differences in elevation are in-

Temperature and amount of rainfall and their sufficient to cause abrupt differences in climate
distribution throughout the year are clinatic over comparatively short distances. Three
factors that affect the amount of decay in exterior climate-index levels are shown on the map:
structures exposed to the weather. Warm weather (1) Index less than 35, where the least preservative
during many months of the year promotes decay protection is needed; (2) an index of 35 to 65, where
more than hot weather for a few months and cold moderate protection is needed; and (3) an index
weather during the remainder of the year. Simi- greater than 65, where the most protection is
larly, prolonged rains are more conducive to decay needed. In regions where mountains cause marked
than the same amounts delivered in heavy but variations in climate, the formula can be used
relatively brief showers, more reliably than the map for indexing a particu-

To relate the climate of geographical areas to lar locality.

FPL 190 12

L -- s..609



M~~m~~jv: ....I.... t

-n ..HIG M.H N HI

.... MODERATE 1

" • LOW

Figure 6.--Levels of decay potential f or wood exposed to the weather in aboveground
service based on a cl imate index derived from standard temperature and rainfall ,
data: Darkest ,areas, wettest climates, most suitable for decay; index greater
than 70. Li htest areac, driest climates, least suitable for decay; index less
than 35. Gryare as, moderately wet climates, moderately suitable for decay
organisms; ine 5to 70. i

(Ml 145 493)

HOW Wood IN BUILDINGS BeCOMeS WET

To protect wood in buildings from decay, the Original Moisture and Wet L~umber
first concern is for practicable measures to en-
sure use of dry wood and to keep it dry after it is
in the structure. Therefore, It is importanttoun- Freshly sawed green lumber ibus a moisture
derstand how wood in buildings becomes auffi- content that will support attack by. decay fungi. As
ciently wet to decay. observed earlier, one should aim to dry lumber

Water to support decay can arise from five down to a moisture content of at least 20 percent,
i ~main sources: Original moisture in unseasoned never leaving more than 30 percent, if it is to be
• I wood, ground moisture, rainwater, condensate, safe from decay. When wet lumber is placed in a
i and piped water. In addition, water is created building it usually dries before there is much

Si as a byproduct of the fungal breakdown of wood, decay. Preferably, however, drying should be ac-
. .;.•,but this happens only where decay already has conipliShed before installation In a building, in

i ; started and so is not of primary concern, order to minimize later dimensional changes from
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shrinkage. Also before wet lumber dries, poten- Wettina From Ground Moisture
tially harmful stain, mold, and incipient decay may
develop if the wood is not fungus resistant. If lum-
ber that is both infected and wet is enclosed within Damp soil can cause serious wetting in a frame
a relatively vapor-tight wall or in a damp crawl building. Also, damp soil usually harbors a variety
space, it may become damaged by further progress of decay fungi that can directly infect wood in con-
of the decay (fig. 7). tact with it. Ground moisture can get to wood parts

Installation of wet or incompletely dried lumber of buildings in four ways:
can cause trouble in another way. In drying, there (1) By direct movement into wood in contact
is danger of splitting and warping with accompany- with the soil, The more common direct contacts
Ing loosening of )oints that, in exposed places, are substructure members next to dirt-filled
promote rain seepage and decay infection. porches and terraces, forms left on concrete

Fully air-dried or kiln-dried lumber can, of foundations, and basal exterior woodwork where
course, be rewetted sufficiently to decay if not grade levels have been raised.
properly protected from rain wetting at the (2) By condensation of vapor in crawl spaces as
lumber yard, during transportation, or at the described in the section on condensation.
building site. This is discussed later under (3) By being transported through the conduct-
OGeneral Protective Measures.* Ing strands of the rare water-conducting fungi

:I 5

Figure 7.--White surface growth of a decay fungus In an exterior wall. The decay
resulted from using Infected and incompletely dried studs and closing them in
shortly after they were Installed.

(M 110 726)
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(see "Protecting Buildings After Construction'). Damaging amounts of rain seepage may occur
(4) By indirect transfer from soil to wood in any wood exposed on the surface of the build-

through concrete or masonry. Some wetting of Vig. The greatest danger is to roof edges (fig. 8),
plates and other wood resting onl groundline slabs appendages (porches and exterior stairs), and
can occur by capillary transfer through the con- exposed structural members. Except in dry
crete, but most serious wetting occurs in base- climates (fig. 6), significant amounts of decay may
ments on wet sites where hydrostatic pressure also occur in siding, trim, sash, and decorative
adds to the capillary movement, structures such as shutters. Siding of the corn-

paratively durable cedar and redwood heartwood
is rarely subject to decay. Sapwood siding,

Wetting from Rain generally of pine species, is subject to molds and
stains. These molds and stains generally can be
more troublesome than decay.

Siding and other exterior woodwork may get wet Wall decay can be caused by runoff from the roof
from rain driven directly against it, from roof run- splashing from the ground, a lower roof, or a
off, or from water splashed from the ground. Rain- canopy (fig, 8). This trouble is most likely in
water enters largely by capillary movement and is i :,gions where rainfall is frequent. Ground splash
trapped in the Interfacial space between joint is greatest when the runoff strikes a flat, hard
members. In the exposed part of a building, the surface, such as a concrete walk. The amount ofJoints are especially vulnerable to wetting and wetting also varies with foundation height and the

decay. Some rainwater may be carried into wall height and width of eave, Splash onl masonry walls

joints by wind pressure and gravity flow. WVinds with permeable joints occasionally leads todecay
less than 40 miles per hour, however, have sur- o' wood joists or beams embedded in the wails.
prisingly little effect on the total rain seepage Even where wetting does not afford conditions
into siding. The chief effect of strong wind is to for decay, it can cause paint failure. Paint failure
reduce the protective influence of roof overhang in siding may develop some distance from the
and gutters by driving rain onto the siding, leakage, because after the water enters a joint at
windows, and doors. the end of a siding board it can flow along thn top

Joints of end grain where siding abuts trim or edge of the board to a different location. Local
where a porch rail meets a post are the most ab- accumulations of water near joints may raise the
sorptive. Though a joint may be painted, thepaint humidity of the air between siding and sheathing,
seal rarely remains tight; moreover, water can then cooling at night results in condensation at
enter even through hairline checks in the paint, various points on the back of the siding. A thin
Longitudinal splits in siding lumber occasionally' film of water on the back of wood siding can put
may result in troublesome amounts of water en- heavy stresses on the paint coating.
tering a wall.

The amount of rainwater accunmulating in exter-
ior woodwork depends on the extent of the wetting Wetting from Condensation
and the rapidity of drying. The extent of the wet-
ting is a function of the amount and the frequency
of rainfall, the prevalence and velocity of wind Condensation results from cooling of air on con-
with the rains, the water-shedding protection tact with a cold surface. The amount of water that
afforded by the building design (such as roof air will hold varies chiefly with temperature. The
overhang), and the degree to which water-trapping warmer the air, the more water vapor it will hold.
joints and crevices are avoided by the type of When air is cooled, it eventually reaches the satur-

Sconstruction. ation point, and further coolingeauses some of the
The rate of drying is governed mainly by the vapor to condense. The temperature at which con-

lengths of periods of dry weather between rains densation begins is the dewpoint temperature. Any
J and by construction details determining the amount surface at or below the dewpoint temperature of an

of air exchange in the wetted zone and the corre- atmosphere will become wet with condensate.
sponding rate of loss of water vapor. In exterior Under a given set of vapor and temperature con-
walls, for examlle, evaporation of any water that ditions, the amount of condensate collecting on a
gets into the wall is governed largely by the given wood surface will be governed by two factors:
permeability of the sheathing paper used. (1) How rapidly the water vapor can permeate
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Figure 8.--Wall and roof edge discoloration frnm decay promoted by water runoff from
roof: Top left, Decay In lower sheathing and plate induced by splash from sidewalk.
Top right, Wall decay caused by leak in gravel stop. Bottom left, Runoff from porch
roof caused dangerous wetting and decay behind siding adjacent to the window.
Bottom right, Sheathing decayed at roof edge because it lacked metal flashing.

(M 128 125)

materials between the condensing surface and the floors is restricted, damaging condensation will
atmosphere or materials beyond and (2) how occur within these structures.
rapidly the condensate can escape from the sur- \\'hen conditions promoting condensation occur
face during any periods when the temperature is within a structure, the use of thermal insulation
above the dewpoint. without a vapor barrier will not prevent conden-

Water vapor moves through a structure from an sation but merely change the location of the point
area of high vapor pressure toward one of lower where the dewpoint temperature occurs,
vapor pressure. In buildings, vapor pressure Critical wetting by condensation may occur in
gradients are createdbytemperaturedlfferences. four areas: (1) Near the perimeter of crawl
During the heating season, the gradient is outward spaces in cold weather; (2) in floors, walls, and

from the warm interior; when air conditioning is ceilings of cold-storage rooms; (3) in areab
employed, the gradient is reversed. Most mate- where sizable amounts of steam are released or

rials used in constructing buildings, such as wood, unintentionally escape, such as from leaking steam
plywood, asbestos-cement, cork, plaster, and con- pipes or radiators; and (4) in the floor below air-
crete, are permeable to water vapor to varying conditioned rooms over a damp crawl space.
degrees. \Where a dewpoint temperature exists and Also, certain climatic and occupancy conditions

utnless entry of vapor into walls, ceiling, and would favor condensation on slab foundations.
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Condensation in Crawl Spaces above a wet crawl space in an unheated building:
the wetting again is not restricted to perimeter

Wetting of the perimeter substructure wood by locations. Where this occurs, the air in theorawl
condensate can be serious in crawl spaces under a space is slightly warmed by the residual heat in
heated building during cold weather. Two condi- the ground. This condition, coupled with a lower
tions are responsible forthis type of condensationt temperature of the unheated floor--cooled by the
(1) Warm, damp air in the crawl space associated ambient air--brings about a dewpoint temperature
with moist or wet ground; and (2) prevailing out- on the underside of the floor.
side temperatures of about 50* F. or below. Under
these conditions, the relatively cold air outside
cools the sills, plates, and joists on or near the Condensation in Walls
foundation creating a dewpoint temperature on the
exposed, inside surfaces of these members (fig. 9). Except in cold-storage rooms, condensation in
The wettest places ordinarily are the corners walls seldom leads to decay, but--like rain seep-
where air movement in the crawl space is slowest age--it can cause paint problems. Troublesome
and the wood correspondingly gets coldest. Enough condensation sometimes occurs in exterior walls

* condensate can ultimately be absorbed by the wood during the winter, mainly in the North, although
to support decay. it occasionally occurs as far south as the Gulf

"Coast.
During cold weather the air in living quarters

moves outward at a rate determined by the vapor-
• -, pressure differential and the permeability of the

' wall components; then, if the heated air on reach-
".. ing the sheathing or siding is cooled to the dew-

point temperature, condensation will take place
. i ,•• on the cold wood.
"!01 \Where average temperatures for January are

350 F. or lower (fig. 10) vapor barriers should be'•'• •" I 'i, • installed in exterior walls of all new wood-frame

A1' buildings at the time of construction.

Wetting is most likely to occur if vapor-
Figure 9.--Cold-weather ('ondensation In resistant rather than vapor-permeable paper is

corner of crawl space; the lumber had used wnder the siding or if the siding itself is
recently been installed to replape
decayed lumber. The condensation, vapor impervious. In walls containing no material
which continued and threatened further with high resistance to passage of vapor fromthe
decay, was easily eliminated by laying wall space to the outside, condensate accumulation
an i nexpensive vapor-resistsnt cover is rare. In northerly climates the possiblity of
on the damp ground wall condensation is increased by Incorporating

thermal insulation within the wall. The presence
(M III 247) of the insulation is not likely to be troublesome,

however, if a vapor barrier is installed on the
There is substantial evidence that orawl-space warm side of the wall a.1 if winter humidifying

condensation is most likely topromote decay if the is properly regulated.
wetted wood is already infected when installed. The Condensation in an exterior wall or in an attic
lumber may have dried out after reaching the is sometimes aggravated by damp air from the
building site, but the dorm.ant decay infection can crawl space entering the wall void. Warming the
again become active when the wood is rewetted. air in the wall space, sometimes in part by the

Condensation sufficient to support decay in sun, tends to create a stack effect causingthe air
floors immediately above the crawl space can be to rise in the wall and new damp air to move in.
caused by overcooling with summer air condition- Condensation sometimes occurs on cold water
ing. Because the entire floor is cooled, the central pipes in walls, but seldomto a bothersome degree.
as well as perimeter floor area may be affected. Occasionally, a restricted amount of decay is found

Similarly, although rarely, hazardous conden- where pipes penetrate a sill plate, Similarly,
sation may occur during cold weather in floors steam exhaust pipes, if of insuficient length, may
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lead to steam condensing on a wall. With central the wire and wood below or soaking into the
air conditioning, condensation occurs on imper- frames as it runs down.
fectly insulated ducts and pipes. Most trouble is
water drip resulting in mold, but important decay
has been found in wood supporting the heating- Condensation on Ground-
cooling unit and in wall plates where refrigerant line Slab Foumdations
pipes enter the building.

Winter condensation often occurs on the room In humid climates, condensation often occurs
side of exterior walls and results in unsightly on slab foundations. Cooled by the supporting
molding of the surface. This is chiefly a problem ground, the slab acquires a dewpointtemperature.
of small, tightly constructed homes In which The same condition can occur in a building arti-
moisture released in the living quarters has ficially humidified. Because oondensation may be
limited opportunity to escape, conspicuous at times, it has been suspected of

dangerously wetting wood resting on the slab.

Evidence does not support this.
In northern climates the periphery of the slab

may cool below the dewpoint temperature during
the winter. This presumably can induce condensa-
tion wetting of basal plates of the outer walls, but
here, also, evidence is lacking.

Wettina By Piped Water

"To a minor extent certain components of a
building get wet enough to decay because plumb-
ing leaks are neglected or tapwater is used care-

"Figure lO.--Moisture problems from winter lessly. Fortunately, most plumbing leaks are
condensation i n exterior wall s occur found and corrected before serious damage re- h
most often In the North where the
average temperature for January is suits. An exueption is the economically con-

lower than 35' F. structed shower stall that receives heavy usage--
particularly the type in many military barracks.
Observations of decay in wood framing and sheath-
ing near the showers--particularly in the wood
under the stalls--suggest unfamiliarity with the

Condensation Associated construction needed to maintain a watertight
With Heat Radiation lining. Related to this type of hazard has been

minor decay commonly occurring around tubs,
Exposed surfaces cool at night by heat radia- kitchen sinks, toilets, and washtubs from water

tion. On a clear, still night the surface tempera- seepage into adjoining wood. Occasionally, a
ture of a building may drop 100 F. or more below small water pipe leak will not be found until
that of the surrounding air. In the Southern States appreciable decay has occurred.
and the tropics, this leads to condensation on ex- In lawn sprinkling, frequent, heavy wetting of
terior surfaces. The condensate is absorbed by siding can lead to a moisture problem. This is a
unpainted wood but collects as a fine film on possibility mainly in arid and semiarid areas
painted surfaces; this commonly leads to surface where sprinkling in the main source of lawn mois-
molding and nonadhesion of oil paints on repainted ture. WVetting sufficient to support decay of sheath-
surfaces. ing and framing can occur through a stucco facing.

Although not completely verified, condensation Frequent and excessive washing of wood floors
"induced by heat radiation probably explains mold by hosing or mopping can lead to sufficient mois-
on the underside of thin roofs, as in carports, ture accumulation to support decay; this has been
stoops, or exposed unboxed eaves. In some locali- observed in kitchens, school gymnasiums, and
ties, condensation is heavy on screens, streaking military drill halls.
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Miscellaneous Wettiln An additional factor promoting decay is the
metabolic water produced by the fungus itself am
it breaks down the wood, This metabolic water

Overflow from cooling towers for air condition- weighs about half as much as the destroyed wood;
ing sometimes results in excessive wetting of a therefore, it may be sufficient to support decay in
wall. On a sloping roof, water may flow contin- poorly veitilated space despite slow losses by
uously over the eave, or the mist from the con- evaporation. In some crawl spaces, cold-weather
denser may be blown against the wall. condensation further retards drying of the wood.

PROTECTING FOUNDA TION AND SUBSTRUCTURE WOOD

The foundation can do much to protect a wood directly on the ground. Basic types of wood
building from decay organisms because it sep- foundation are pole, post-and-beam, joists-and-
arates the wood from the ground. If properly con- header, and plywood-frame (box beam). Wood
structed, the foundation bars moisture movement foundations--particularly if expensive to re-
from the ground into the wood substructure. The place--should be protected by the best preserva-
kind of foundation--crawl space, slab, or base- tive treatment that can practicably be used. The
ment--determines the type of protection needed, expense and effort that is justified to provide

superior treatment will depend on the cost of the
structure and the service life expected of the

Foundations With Crawl Snace foundation.
Wood or wood-product forms should not be left

A building set over a crawl space usually rests on concrete foundation walls or posts. Forms
on a perimeter foundation wall; in addition, inter- make a bridge between the ground and the wood
ior supports or piers may be used or, for large above it (fig. 11), creating easy access tothe wood
buildings, supplementary walls, by water-conducting fungi.

Foundation Materials

The perimeter foundation usually is of concrete
or of brick or stone masonry. The poured concrete
wall is less likely than the more loosely construe-
ted masonry wall to have internal openings for the

I water-conducting decay fungus to pass through un-
noticed. Masonry foundations and piers of hollow
block or brick can be greatly improved by capping
them with a mininmum of 4 inches of reinforced
poured concrete. A waterproof membrane such as
polyethylene on top of a masonry foundation rest-
ing on damp ground has been reported to prevent
capillary movement of water into wood resting on
the wall.

Post supports are constructed of concrete,
masonry, or wood. If of untreated wood, they
should stand on well-elevated concrete footings. Figure lI.--Wood forms left on a concrete
For this purpose precast footings are widely pillar create a bridge between ground
available, Pressure-treated wood pile supports and substructure wood, making the woodI below grade are, of course, used under large vulnerable to attack by a water-
buildings in many areas. conducting fungus.

There is a trend to use wood as the majorfoundation component, with the wood resting (M i10 724)
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Heiaht of Fondation

The top of the foundation should be at least 8
inches above the finished grade and have at least

6 inches of foundation exposed below the sidingin
areas subject to some decay(fig. 12). A foundation
height above grade of 12 to 18 inches is auvocated
for areas where frequent hard rains can cause
significant splash wetting of wood siding, sheath-
ing ends, or sills. lI the crawl space at least 18 Fin.,graft
inches between joists and grou, d and 12 inches be-
tween ground and girders should be allowed. The
greater interior spacing between ground and wood,
as compared with the exterior sp(,clng, allows for Poured concrete

crawl-space inspection, The need for ample crawl
space cannot be too strongly emphasized--a sub-
structure that is difficult to reach may not receive
adequate inspection.

"Hollow concrete
block wall

Dry, Uninfected Lumber
Brick
Veneer

The importance of using dry, uninfected luniber
in the crawl space has been eviphasizcd. Partially Floor joists---

dry lumber in the substructure may not only be wet - "
enough to support fungus growth, but may already F I Gidr Masonry
ej grad Pier
be infected by a decay fungus. If mnoist, infected
lumber is used and enclosed so it cannot dry ,
readily, It is likely to decay rapidly--assuming, E

of course, temperxtures also are favorable. Decay - .A
incurred in this manner is not prevalent, but when .o
It does occur it can be costly because the affected
wood usually is not readily accessible,

Precautions Against r i aure 12.--,eneraI ly the distances shown
"C e t itare adequate spacinq between ground and
Condrnsation inthe wood In substructure and siding; greater
Craw Space outside clear••ce is recommended for

hlgh-ralnfall areas. Similar spacing
Sufficient condensation to promote decay of Is recommended If the foundation Is a

sills, headers, joibts, and sul)flooring may result concrete slab.
from winter condensation or that associated with
air conditioning by refrigeration. Winter conden- (C 128 678)
sation and most of that associated with air condi-
tioning can be prevented by keeping the crawl Ventilation.--Good ventilation of the crawl
space dry, with soil drainage, with ventilation, space is a safeguard against damage by decay
or with a soil cover. The method needed varies fungi. Vent openings in the perimeter foundation
with the type of condensation. Where drying is should provide cross movement of air if they are
impractical, the use of treated wood is necessary. placed uniformly around the perimeter and as near

Ji Soil drainage.--If the surface soil in the crawl corners as possible without reducing the strength
space can be kept dusty dry by good drainage, the of the wall. Near-corner positioning is desirable
danger of condensation is small even if ventilation because dead air is most common there. The total
is substandard, effective opening of the vents should be propor-

FPL 190 20



tional to the size of the space; openings totaling
1/160 of the ground area are adequate. Accord-
ingly, a crawl space of 900 square feet would re-
quire a total vent area of about 5.6 square feet. '

Screening reduces passage of air through vents -

by 25 percent or more. To compensate for this --- . -&-e-
the screened vent area should be about a third I r--Tt14 I i
larger than the 1/160. Also, if vents are below i i
gradu level, a somewhat larger size opening is n " I
needed. Shrubbery placed in front of a vent can , _-- __- ..
materially reduce Its effectiveness.

Vent areas meeting the above standards areef- ef
fective against winter condensation but not neces-
sarily against condensation under air-conditioned
buildings in high-humidity coastal areas (see
"Protecting Special Rtooms*). Also, since vents rigure 13.--Polyethylene sheeting, pref-
often are closed in cold weather, ventilation alone erably 6 mil thick, or roll roofing,
seldom can be relied on as a sole means of con- 45 pound or heavier, and certain r• rable
densation control in cold climates. For this duplex vapor-barrier materials provide
reason ground covers were developed, excellent ground cover on damp soil In

Ground cnvrse.--A good ground cover will ef- crawl spaces. A cover reduces the
ylimit condensation if vents are closed hazard of winter condensation (fig. 9)

fectively mand of summer condensation In flooring
during winter. A cover should be considered of air-conditioned rooms above.
particularly where winter temperatures common-
ly are 500 F or below and ground surfaces are
prevalently damp, or where there is air condition- ( 2a 710)
Ing over a damp crawl space.

A good ground cover (fig. 13) will generally
keep the substructure wood dry despite damp Concrete Slab Foundations
ground. If a cover is used, the vent opening area

can be substantially less than has been recom-
mended, A cover should not only have adequate Slab Construction
vapor resistance but also sufficient strength to
permit some traffic on it, because it may be neces- In some areas the concrete slab-on-ground
sary to crawl on the cover while making inspec- foundation has wide acceptance. Becauseitcannot

tions or repairing plumbing, heating ducts, and be inspected beneath, the slab should be made as
electrical wiring. The crawl space also may be crackproof as practicable, and necessaryopenings
used to store certain materialb, which place an through it should ultimately be tightly closed.
additional burden on the cover. Cracking can be minimized by good reinforcement

Materials that have both vapor resistance and of the slab. Joints can be avoided by making the
strength, yet are not costly, are 45-pound or slab a monolithic type in which the floor and foot-
heavier roll roofing and 6-mil polyethylene sheet- ing are poured in a single operation. Joints and
ing. A 4-mail polyethylene film often is used with openings made for plumbing and conduits should be

a layer of sand or gravel on top to reduce the filled with high-quality coal-tar pitch or coal-tar
chance of physical damage, plastic cement.

The strips of ground cover should be over-
lapped slightly and the outer edges carried to the
foundation wall. Special measures to limit escape Elevation of Slab
of water vapor at the seams or edges are not
necessary. The ground does not have to be per- The top of the slab foundation should be at least
fectly flat, for in time the cover will conform to 8 inches above the finish grade, and wood or wood-
moderate surface irregularities, product siding should come no closer tothe grade
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than 6 inches, as recommended for theperimeter perimeter and the ground side of the slab.
wall of the crawl-space foundation, Where con- One should not attempt to prevent condensation
siderable rain splashing is likely, as in the Gulf on a slab by placing a vapor barrier on top of the
States, a greater clearance is desirable; clear- wood. No ordinary barrier will entirely prevent
ances of 18 inches are not uncommon, condensation on the lai) and what does occur will

be prevented from evaporating by the overlying
barrier. In addition, a moisture barrier so placed

Vavor Barrier Under the Slab can be doubly dangerous if any significantnamount
of moisture comes through the slab from below.

A membranous vapor barrier should be placed
unuer the slab if conventional construction prac-
tice is followed, A membrane with suitably nigh Basement Foundations
vapor resistance will ensure that ground moisture
does not migrate through the slab and warp wood
floors resting on the slab, degrade the flooring Wood in the substructure is easiest to protect
finish, or damage the adhesive where floors are from decay organisms if the building is act on a
bonded to the slabi. There is still some doubt basement foundation. The basement permits fro-

whether, in the absence of a vapor barrier, quent inspection beneath the building. Also, the
ground moisture will penetrate a conventional ordinary basement has a concrete floor and walls;
slab at a sitficlent rate to support decay, thus there is no damp soil to cause condensation

Membranes nmty be heavy asphalts or poly- on substructure wood as in crawl spaces. How-
ethylene films. E.ifcctlve barriers can also be ever, damaging amounts of water can enter
installed above the slab, but this limits the finish through cracks or joints by hydrostatic pressure.
flooring to a type that can be installed on flush 'Therefore, adequate waterproofing of basement
sleepers, walls is essential, particularly on wet sites.

Any wood hearing posts in the basement should
be elevated above the floor on footings to keep the

Slab Insulation lower end dry (fig. 14). The basement wall should

extend above the exterior grade level at least 8
In the colder climates, it is desirable to install inches withat least 6 inches of the exterior sur-

thermal insulation around the perimeter of the face exposed, and precautions of construction
slab and beneath it. This not only keeps the floors should be as noted for crawl-space walls.
warm, but also limits condensation on the slab and
wetting of wood in contact with the slab. The exact
location of the insulation will dopend on how the Porch Foundations
slab is constructed. The insulation for floor slabs
should be nonabsorbent: have high resistance to
heat transmission; have resistance to breakdown rhe same precautions should be observed for
by moisture, nicro-organisms, or insects; and a porch foundation as for the main foundation. If
have mechanical strength to withstand superim- the porch has a wood floor, provision should be
posed loads or ex'pansion forces. Cellular glass, made for ventilation and inspection beneath it, and
bonded glass fibers, and insulating concrete are the height of the foundation above grade shouldbe
available for the purpose. A thick gravel fill under at least 8 inches. The bottom of platform joists
the slab helps to reduce heat loss, should be high enough above the ground to permit

Because condensation may be conspicuous at inspection from beneath. Whether the porch floor
times, it has been suspected of dangerously wet- is of wood or concrete, it should slope away from
ting wood resting on slabs. Evidence does not sup- the building to allow rainwater to drain.
port this; nevertheless, because of the load- Porches constructed by pouring a slab platform
bearing importance and Inaccessibility of sub- on a dirt fill can create a special kind of decay
structure components resting on the slab, it is hazard. The proximity of the dirt filltothe build-
considered a wise precaution to pressure treat ing substructure violates the guiding principle of
them. As just noted, the tendency for condensation keeping wood and soil well separated. Unless an
can be substantially reduced by insulating the appropriate barrier is placed between the porch
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and the building, fungi, especially the water- a porch foundation at the end toward the house; it
conducting type, can move into the building sub- is well worth the extra cost. An alternative ts
structure along the line of juncture, to pour the porch slab and building foundation as

a monolithic concrete structure without joints.
POOR PRACT/ICi Also, a metal shield can be used to protect theI sill area but care is needed to ensure adequate

termite protection (see Additional Reading at the
end of this report). With a slab-on-ground building
no danger exists if the porch slab is at a lower
level than the building slab.

The above precautions also apply to terraces,
steps, and other horizontal surfaces adjacent to
the building foundation.ImOi$rumt COLLECrT .r For the safest type of porch, step, or terrace,

UNDoR Mosrs #'LUSHO the dirt fill is avoided and a self-supporting slabWITH COCr WeTLooR oN OR
emaroeo IAN CONCRErT is used for the platform. Provision must be made

4LOOR for removal of any wood forms under the slab.
Posr /IN co~tAct WrN0/4•sl • •11
AS$OR&$ MINoNTRA, wN O /rso Preservative Treatment of Wood in

UNDER LOAD-BEARING Posr Foundation and Substructure
RESULTS IN SErTLING....

Foundation wood, or substructure wood that is
GOOD PRACTICE in direct contact with the ground or laid on a

moisture-resistant ground cover, should be given
the best practicable preservative treatment, es-
pecially if it is intended to serve for the life of a
permanent building. The preservative type and
amount should meet the highest standards pre-
scribed for land service by Federal Specification
TT-W-571A or by Standard AWPB-FDNAS•• Major building codes and the U. S. Depart-

ment of Housing and Urban Development
.L0, • •(FHA) Minimum Property Standards require

that each piece of lumber and plywood in
wood foundations be identified with the Amer-
ican Wood Preservers, Bureau (AWPB)

FOOTING UNDER LOAD-BEARINS Posr "FDN" gradernark to indicate conformance
PREVENrS SerrTLIN with standards that were developed for wood

foundations.
Figure 14.--Poor (lop) and good (bottom) fudtos

mFthude f.--Poor (p) a nq wood pbottson Generally, wood items in or on a slab founda-methods, for i nslioI ng wood posts on I
concrete floor at ground level. tion or on other concrete laid on the ground should

be pressure treated unless experience indicates
(M 136 613) that less complete protection will adequately

serve. Items in contact with an elevated founda-
The dirt-filled porch can be made reasonably tion wall ordinarily do not require preservative

safe by building it independent of the house at all treatment, but if they are closer than 8 inches to
points and providing a 2- or 3-inch airspace that the ground, and in awarmdamp olimate, pressure
can be covered at the top. This necessitates adding treatment is suggested.
5
-Federal Supply Service, General Services Administration. Federal Specification TT-W-571, Wood

Preservation, Treating Practices.

-Amerlcan Wood Preservers Bureau. FDN-78. AWP[3 Standard. Quality Control Program for Softwood
Lumber Timber and Plywood Pressure Treated with Water-Borne Preservatives for Ground Contact
Use In Residential and Light Commercial Foundations. AWPB, P.O. Box 6085, 2772 South
Randolph Street, Arlington, Va.
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If part of the crawl space is used as a plenum waterborne chemicals and not with an oil. Oil
to conduct air for heating or cooling, wood used in fumes could contaminate the air within the
the substructure should be treated with one of the building.

PROTECTING EXTERIOR WALLS, BUILDING

APPENDAGES, AND ASSOCIA TED WOODWORK

Although in individual cases the most damaging General Protective Measures

and costly decay can occur in load-bearing com-
ponents of the substructure, in total the most
prevalent and costly decay occurs in exterior Use Dry, Unirdected Lumber
itoms such as windows, doors, porches, steps,
railings, walls, and associated woodwork. The Proper moisture content and freedom from in-
greater prevalence of decay in these exterior fection can be obtained most reliably by using lum-
parts is chiefly caused by exposure to wetting ber that has been kiln-dried and kept under cover.
from rain. Less common, but significant, sources For best performance, siding and trim should
of wetting are condensation, use of wet lumber, have a moisture content when installed of 7 to 12
careless sprinkling, ground contact, and ground percent in the dry Southwest and of 9 to 14 percent
splash. in the remainder of the United States (table 2).

Table 2.--Moisture contents recommended for wood at time
of installation

Use : Moisture content (based on ovendry weight)

West- : Coastal areas-: Other areas

:Average: Range-:Average: Range-:Average; Range-

Pct. : Pct. Pc.Pt. : Pct. : Pct. Pct.

Interior finish : 6 : 4-9 : II : 8-13 : 8 : 5-10

Softwood flooring : 6 : 4-9 : II : 8-13 : 8 : 5-10

Hardwood flooring : : 5-8 : 10 9-12 : 7 : 6-9

Siding, exterior trim,: :
sheathing, framing : : 7-12 : 12 : 9-14 : 12 : 9-14

-!•lost of eastern California, Nevada, Utah, and western Arizona and
contiguous parts of Oregon and Idaho.

-4iainly the warmer coastal regions: California south of the Bay area,
and the South Atlantic south of Chesapeake Bay and across the Gulf
States to Texas.

-Range Is generally more important than average. If pieces fall within
the range, condition will be satisfactory regardless of average.
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Protect Stored Lumber moisture meter; with its needlelike penetrating
electrodes the instrument rapidly indicates the in-

The importance of proper lumber storage cannot ternor moisture content (fig. 15). Moisture meters
be overemphasized. Much of the rapid deteriora- that do not require penetrating electrodes also are
tion of wood in use can be traced to incipient fungus available for use with finish items and plaster.
infections originating during air-drying or stor-
age. Lumber and other wood items should be pro-
tected against wetting from the ground and from
rain; this is necessary to prevent incipient fungus
infections and to ensure that the lumber is main-
tained at the moisture content suitable for a parti-
cular use (table 2). Even for temporary storage,
as at a building site, lumber should be stored off
the ground.

At permanent storage areas, lumber is usually -

placed under a roof for protection; in transit or-
at a building site, it may be kept under tarpaulins
or plastic coverr. Finish items should not be "V

delivered to a building site until the structure has
a tight roof and walls that provide indoor storage.

Commonly available on the market is lumber, F I gu re 15.--Resistance-type moisture
meters showing needlelike electrodes

mainly framngll and sheathing, that has been dip- ,a r rvnI~ od, esr

treated with emulsions of water-repellents dyed moisture content. Electrodes are

red, yellow, purple, etc. The water repellents used common ly 3/8 inch long (I eft) but
do not meet Federal Specification TT-W-5722 and longer (right) are available for

contain no fungicide. These treatments are in- deeper penetration to determinemoisture contents when searching
tended solely to reduce rainwettingduringtransit, for hazardous amounts of moisture in
storage at the building site, and the early stages bu! I ding members.
of construction. However, they do not eliminate
the need for protecting lumber from rain wetting
and soil contact during storage. Where moderate (M 117 486)
protection of the completed structure is required,
they should not be used in lieu of water-repellent Provide Roof Overhang
treatments meeting Federal Specification
TT-W-572. The extent of roof overhang is the single most

Lumber at permanent storage sites should be important design feature determining the amount

placed on foundations of concrete or treated wood of wetting of walls, windows, and doors in any
or in a dry shed with a dry concrete floor where climate. The addition of gutters reduces wetting

it may safely be kept on untreated skids or pallets. from splash and wind-driven roof runoff. The
If the soil has not been treated with an approved protective value of roof overhang varies with the
insecticide in areas with appreciable termite width of projections, amount of rainfall, duration
hazard, the foundations should be high enough to of rains, and the amount of wind accompanying the
permit inspection below the piles, rain. An overhang of at least 2 feet on a one-story

Lumber with no more than 20 percent moisture building is recommended in areas of substantial

can be bulk-piled under cover with safety. Wet rainfall.
lumber should be put in a ventilated space on dry
stickers as in a regular air-drying pile.

When receiving lumber, do not assume thct lum- Avoid Wetting By Splash
ber supplied as 'dry* is as dr. as it should be. It
is highly desirable to make sure with an electrical Splash damage occurs where roof runoff strikes

ZFederal Supply Service, General Services Administration. Federal Specification TT-W-572, Wood
Preservative; Water Repel lent.
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the ground or a lower roof and wets the wall GOOD PRACrICE

( f i g . 8 ) . M ,,t AL P I , S ,,

The logical control of splash wetting is a wide
roof overhang or an efficient eave gutter. Where
splash is limited to a small area, such as a stoop, POOR PRACrICE

a roof-edge baffle can be used, although this is less
satisfactory than a gutter. Also, splash can be re-
duced by making the foundation high enough to pro-
vide good separation between the ground and theW "Aw,

wood.

•- WAtER catlert

Minimize Construction That " M°"""

Traps Water

The serious rain wetting of wood in buildings
occurs primarily at joints. Therefore, in exterior
construction, joints and other forms of contacting
surfaces should be avoided where possible. Exter-
ior bracing, for example, can be a water-trapping
hazard, whereas interior bracing is safe (fig. 16).
Similarly, an exterior step newel constructed of
two 2 by 4's is more hazardous than one 4 by 4,
or the use of subflooring for stoops is more o.E.,,,,f PEC ,tAr-,A, Cre

hazardous than a single floor (fig. 16). Of course,
when double construction is accomplished by
laminating with a waterproof glue, a piece is
essentially solid and without joints so long as the
glueline is intact.

Tight joinery, paint, and calking are aids rather " /
than primary means to prevent rain seepage. On
structures exposed to heavy rainwash, they should *
not be exclusively relied on to prevent excessive
seepage.

Where there is heavy rainwash or some other
form of intermittent, heavy wetting ofthe surface, Figure 16.--Poor (left) and good (right)
a good water repellent properly applied can aid practices In construction to avoid trap-•. ; ping rainwater. Double thicknesses of,
considerably to keep joints from getting wet. Al- pingeranw Doue thcknesses of

lumber and exposed contacting surfaces--
though it will not prevent gravity flow of water especial ly those requl red by architectural
into loose joints or prevent penetration of rain- frills--should be avoided as much as
water when driven by unusual wind pressures, possible

the water repellent nevertheless effectively inter-
feres with capillary movement of water into (M 124 862)
reasonably tight joints. (See aDegree of Pre-

"servative Protection Needed.*)
•I Good examples of how tho, absence or presence

Design to Shed Water of water-shedding construction can favor or deter

accumulation of rainwater are found in the building
Insofar as possible, building components should of exterior boxed beams. When a roof beam is

be designed to: (1) Divert rainwater from joints boxed, the soffit is sometimes extended beyond the
and other water-trapping places exposed to the exposed facia and rainwater collects on the ledge
weather, and (2) allow whatever water reaches thus formed and seeps into the boxing. If the facia
critical surfaces to drain rather than stand long is extended down beyond the soffit, this is pre-
enough to soak into the wood. vented (fig. 17).
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SEEPAGE plished by providing for adequate overhang,
gutters, or baffles--according to circumstances.

SI1DING Flat roofs must be especially well protected
against leakage to offset their poor drainage

1 -features; hence they need regular, careful inspec-
tions coupled with timely maintenance.

Components, such as step treads, porch or stoop

flooring, and window sills, all with relatively
broad, flat surfaces exposed to weather, wil. wet
easily and be susceptible to decay if the upper

6F A surface is not sloped to facilitate drainage. Flat-

SEEPAGe sawed lumber tends to shrink and swell more than
quartersawed (edge grained) and this disadvantage
"is particularly pronounced in vide boards. Conse-

quently, flatsawed step treads and flooring are
more apt to cup and hold water; flatsawed siding
and trim are more apt to split, warp, or twist

TRIM (SOFFIT)V after attachment and break paint films or crack
calking. Most of this trouble is in proportion 'o
the severity of exposure. Much lumber is flat-

sawed, but quartersawed material is available if
SIDING specified.

Unnecessary horizontal projections from the

building wall, such as water tables and lookouts,
frequently become decayed and should be avoided
in the wetter climates unless treated with pre-

servative or made of a naturally decay-resistant
wood.

Install Flashini Where Special

Safeguarding is Needed

Noncorrosive metal or durable waterproof felts
Figure 17.--Boxed beam (top) has horizontal are used as flashing to prevent rainwater from

ledge that traps rainwater. Boxed beam entering critical junctures of exterior components
(bottom) I Ilustrates good construction; of buildings. These include joints where siding
boxed similarly to the standard eave, it
Is less subject to rain seepage because joins the roof (dormers, porches, and canopies),
it does not have the rain-trapping ledge. the top of window anddoortrimwhereunprotected

by sufficient roof overhang, the juncture of siding
(M 124 971 ) and a concrete porch slab, horizontal joints be-

tween panel siding, roof valleys, and at the roof
edge--between roof cover (shingles) and sheath-

For minimum maintenance, roofs should be ing. Generally, flashing should be used wherever
sloped sufficiently to allow rainwater to run off a horizontal projection from the wall occurs in
rapidly. The number, location, and size of drains an exposed location (fig. 18).
and the needed roof and valley pitch vary with In applying flashing, nails should not be exposed,

Sclimatic areas and particularly with the amount of except In unusual cases where the nailing is

rainfall. Long, low-pitched valleys on large build- through a surface that will not be wetted by rain.
ings are particularly hazardous. Interior drains, Nailing through the exposed vertical part of roof-
strategically located, often are desirable, Roof edge flashing can lead to serious leakage. Roof-
design should prevent runoff from striking anex- edge flashing should be attached below theunder-
ternor wall or another roof below. This is accom- lay paper. This is particularly necessary in a tile
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POOR ARACNt/ fC • AUC1FW densation that results chiefly in paint failure may
$ > .occur in walls. This happens particularly where

.- $0,, ,* W 4 0 V artificial humidification is used without appro-
mo~rM~i$ 4AD M.Orpriate precautions and in smuall homes in which

humidity is high because of crowded occupancy.
This type of condensation can be prevented by

PAS444W AW using a vapor barrier (table 3) near the inner
M --r4A surface (warm side) of the wall; by avoiding ex-

cessive artificial humidification of the living
quarters; and by improving--when needed--ven-

'•' tilation of small living quarters.
Only two situations warrant placing the mois-F igure I8.--Jolning of siding to a drip cap;

note how the "poor practice" (left) allows ture barrier elsewhere than on the inside of the
for entry of rainwater into several decay- wall. In warm humid climates when severe air
vulnerable joints, whereas "good practice" conditioning by artificial cooling is used for long
(right) provides protection by flashing periods or in cold-storage roomswithrefrigerant
and by siding overlapping top of drip cap. cooling, the vapor gradient is reversed, and the

(M 136 614) barrier should be near the outer face of the wall.

roof in a tropical area because during heavy rain-
fall water flows over the tile cup edge and drains
over the underlay paper to the roof edge.

Flashing is sometimes used to protectexterior Protecting Siding
load-bearing items such as projecting roof beams
and laminated wood arches. If this style of con-
struction is wanted, it is much safer to use ade- Wetting of siding tends to be troublesome main-
quately treated wood rather than to depend on the ly by causing paint problems, but a large amount
more temporary protection offered by flashing. may nevertheless promote decay of the more sus-

ceptible woods. Similarly, wetting can induce mold
discoloration of paint and of unpainted surfaces.

Treat With Water-Repellent Protection of siding is not difficult.
Preservative

Exterior woodwork is often made additionally Good Construction for Siding
resistant to rain wetting and decay by (lip treat-
ing the finished or knocked-down item in an oil Lumber siding.--If lumber siding is vertically
solution of a water-repellent preservative. Some alined (boards and battens or boards with inter-
items commonly protected by this treatment are lapping joints), no special construction details
screens, sash, shutters, doors, siding, and trim, are necessary to protect it.
High-hazard items, such as porch rails and out- If lumber siding is horizontally alined, as is
door steps, may need pressure treatment in areas most common, certain helpful precautions can be
most conducive to decay (fig. 6). Limited protec- taken. Added protection can be given to drop
tion to siding, trim, and other items under siding, where appearance permits, by applying
moderate-to-light wetting exposures can be at- trim over the ends of the siding. Standard drop
tained in all areas by flooding with brush or spray siding is less subject to rain seepage than such
after the wood is on the building, with particular patterns as tongue-and-groove with a beveled
attention given to joints, lower edge. With bevel siding, the conventional

Water-repellent treatments are discussed in metal cover applied over the corners of each
"Preservative Treatments for Building Lumber.' siding course gives good protection against rain

seepage. Bevel siding with smooth back surfaces
wets much less from rain seepage than does rough-

Install Vapor Barrier for Walls backed siding. This is particularly true of redwood
in Cold Climate and cedar siding. These additional protective

measures are of particular value in high-rainfall
In areas with long, cold winters (fig. 10), con- areas.

FPL 190 28

S..............



~'~W' t, -

If narrow plywood or hardboard is used to aimu- In applying asbestos-cement shingles, special
late horizontal lumber siding, the protective needs attention should be given to proper application of
are essentially those of the lumber aiding. The f.,lt backer strips at all vertical joints, to proper
material must be strictly of exterior grade. flashing at corners and trim.4 and to calking at

Where siding abuts a roof, as on a dormer, it Is juncture of siding and trim.i -

advisable to leave a 2-inch clearance between aid- Panel sidin. -- For siding of plywood or of
Ing and shingles In high-rainfall areas and 1 Inch hardboard panels, only exterior-grade moatrial
elsewhere, thus exposing 1 to 2 Inches of flashing. Is acceptable. The glue bond between veneers or
This prevents roof runoff from contacting the end between wood particles in interior-grade mnaterial

r.grain of the siding. Also, it is a good practice to will not withstand wetting. The following proce,-
leave a minimum of 6 to 12 inches of clearance dures are recomrmended for installing woodpanel
between siding and gradeline (depending on dlim- siding:
ate) and 1 inch between siding and slabs of porches. 1. After the panels are In place, floodthe joints

These suggestions also apply to shingle and panel with double-strength preservative (10 percent
siding. pentachloraphenol plus water repellents). A

Except for cold storage rooms and occasionally squirt-type oil can or small pressure-type spray-
air-conditioned quarters, only the breathing type er can be used to advantage.
Of sheathing paper (table 3) should be used under 2. Prime the joints with a good quality paint
wood siding. primer of white lead In linseed oil, wit no zinc

ShinAle siding.--Most shingles are of naturally pigment (Federal Specification TT-P-281,
decay-resistant wood. Consequently, decay prob- 3. Protect the horizontal joints with flashing
lems are few if good building practices are fol- commnercially available for the purposes Do not
loWed, With a single coursing, the overlap must be use horizontal batten strips,
sufficient to ensure a continuous double layer to 4. Protect the vertical joints by filling with
prevent water from seeping behind the shingles. the best grade of weather-resisting mastic or
Any nailing strips should be of decay-resistant or calking compound (allowing space in the joint) or
p reservative-treated wood, by covering the joints with batten stripe of decay-

Table 3.--Principal se ofa butiilding Paper. and npErifications

vapor in Federal -pacification FHA Conformance (according to "PFHA ComRawrical products not
barrier a i Minimum. Property Standards on. and two icovered in specificationsa

I. livng. uaits," May 1963) a

leavy duty-' a Refrigerators. 2round covers, a Ut-11-S9Oa 1. ype 1, Grade A I Pass** PFtA "Test Procedure for Vapor a Prious *Rioting and ro.
t vapor barriers under concrete a 'a-lb. or he~avier aactl : barrier Materials under Concrete Slabs: products beinag developed
I slab.. 9.wiaitn pool., ohewer suarfae, roll roofing a and for Ground Cover In Crawl Spat..,': to meat IS1A requiremneat$

a r0o1%. Ot4rhast room a (polyethylene ~~aaae. (Sept. 20, 1957)

Ofldfnam serviceaSide walls nod wader attic, or a UIT-b.790&-, Type 1, Grade A aTransmission rate not nxcaeding I porm F oil. mounted 00 paper or
rOof. on back of .ho.t rock.

ia Mylar 2-all polyethaylenea

qhearaionK paperr Under wood. shlnnleut.o. astso 1111-f-595-, Type I or 11 a Saturated felt. Complies withl ASTM aTarred or asphalt felt,
4 llg 026~ 15 lb. per squat*r

Flvotr linerr Wood floor, frequently scrubbed a II-15-790a-, Type 1, Grad. D a

aWood flaarR loinfrqlinnaly scrubabed a UI-5-7904-,. any class. any aNo. IS amphalt-aaturatad falt a buailding paper, deadening

P* teea.ffecta WW-R-3545, any type a

Roil roof 1t a Roofing to temporary buaildings a......................... I....a.................................... 1Roll roofing available in
i a weighfts of A$. $5. 65 lb.
I i or morn per squ~are

1(106 per sq. ft.)

Roof undarlayment a Wtaterproof membranes waed under i 111U-3-790w.a, Type It Grad. C a Saturated falt. Comp~les with ASTh a ........................
astate, tIlI*, or asphaalt shingles H,-R-595-5, TYPe I or It 0-226 or PS HH-R-595A

-Mapr~asi.. material baving a per. value of 0.25 or laws and safati~tltlty r~uggd to wilthstand some abuse in service..

-4uilding paper, vegetable fiber (Kraft* waterproofed, water repellent, and fir. resistant).

-3Al., Commrcial Standard CS 238--6 all polyethylene membrane (conalstrciton, industrial, and agricultural applications).

vapo bariersuse in ombiatiowih shathing paper consisating of 30-lb. felt should bave a p~orm value of 0.25 or loee.

8 Federal Supply Service, General Services Administration. Federal Specification TT-P-25, Primer,
Paint, Exterior (Undercoat for Wood, Ready-Mixed, White and Tints). 1965.
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resistant wood. Both calking and battens may be
needed in the wettest cllmates.

6. Carry the bottom edge of the lowest panel
down over the supporting framing to form a drip ___

edge.

Treatla Sidina With Water-Ramellent ••.. .:•- .,..

Treatment at board siding with a water- ____,,_____ ,____,_,,___ ,__
repellent preservative can be beneficial in the
wetter climate*. Th. treatment minimizes entry po
of rainwater behind the siding, thereby limiting . -•-..

damage from decay and sap stain and reducing ... . .- - -"

the tendency toward paint blistering (fig. 19).
This Is especially pertinent for two-story nounses. '. " .

and one-story houses with a roof overhang ofless .
than 2 feet, particularly if there are no gutters. ..

Treating ordinarily cannot be justified solely
for protection against decay and stainif the siding -. • .'..

is of naturally resistant woods, suchastheheart- .
wood of western redoedar or redwood. However. a
good water-repallent preservative protects siding
of all species against paint blistering. Because
bwstering is a major problem of paint rminten U f .tha
anie, the use of a water-repellent preservative Isnt.
advisable wherever the rainfall and type of roof
construction subject the siding Bo considerable
wetting.. -- -.. . .....

Treating relatively unsheltered sidingwill pro-
vide worthwhile protection in all tropical regions
and in areas within the United States with long Figure 19.--Condition of siding after various
warm, wet periods. The value of this protection treaheents, 5 years after repawntong: TOP.

Unsatisfactory. Spray treated with a water-will be greater wherte sourainfall Ts usually In o utrfae oen just ove o the idoing.

als bespay reaedbefre t s istale oraftr reaeletin of esidin voathese wovds ise oldargeytb

longed periods rather than in short, heeatve y Centner, Unsatisfactory. Old paint removed
showers, and where winds often are sufficient to buct "lyw fol lowed by spray treatment.
blow the rain against the siding. Bottom, Satisfactory. Spray treated after

board ~ ~ ~ ~ ~ ~ ~ ~ ~~fs ensa idwdos n onradt auatrer.vifg plyod sidingt sdstndfo.h

In treating new pine sidingbefore Itnl invstalled, ap -inacre ommrp aln t a
9ea 3- jinute dip or an equbvalent vacuum treatment ropi it shul be
in a water-repellent preservative is recom--•mended. The ends of the boards cut on the job Cedar and redwood siding seem to beadequately

iIng with the preservative solution. The siding may outer face or even just to the ed",o of the siding.

also be spray treated before It to installed or after Treating of siding of these woods to largely by
it is in place, but spraying is less effective than brush application on the construction site.

.Idipping before Installation. especially forprotec- Plywood pitnel siding Ideally should be treated
-itlon against decay. Treating in place involves ap- in accordance with Commercial Standard 262.1"

Splying the preservative solution generously around This treatment presumably would be given by the
.iboard ends at windows, doors, and corners, and to manufacturer. If plywood siding in destined for the

the lap Joints between the boards. tropics, it should be pressure treated.

9JS. Department of Commerce. Water Repel lent Non-Pressure Treatment for Millwork.

Commnercial Standard 262-62.-_
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_ '1
Protecting Roof Edges 2. Use corrosion-resistant metal flashing on

the cave and rake edges. With roofs covered with
gravel or other aggregate, a gravel stop serves as

The roof edge is especially subject to decay be- the flashing. With other types of roofs, an L-shaped
cause it is in the open and exposed both to the di- flashing it used (fig. 20). Also at the eave, place
rect wetting from rain and to wetting from roof the underlay over the top of the flashing. Do not

runoff (fig. 8). Because it has one of the highest nail through the exposed vertical part of the flash-
potentials for decay of any building part, it re- ing. Let the flashing extend away fromthe building
quires careful attention both in designing and sufficiently toprovide a free drip edge. Bendingthe
during maintenance, bottom of the flashing out from the faeia is not suf-

Roof runoff, particularly with asphalt shingles, ficient for this purpose; insertion of a 1- inch strip
tends to travel around the shingle butts and wet between the flashing and the facia provides better
the various components of the roof edge. Cor- protection (fig. 20). Occasionally the flashing is
roded, undersized, occluded, or sagging eave brought down to cover the facia completely.
gutters can lead to overflow at the back edge of 3. In northerly areas where ice dams cause
the gutters and to wood wetting. Heavy rains some- trouble, install flashing to protect against water
times cause water to overflow the joint channel in backed up by the dams. Lay smooth-surface 55-

roof tiles and flow over the underlayment. When pound roll roofing on the roof sheathing from the
this occurs, the roof edge is subject to more wet- cave upward 6 inches beyond the inside face of

ting than it is from sui face flow over the protrud- the stud line (fig. 21).
ing tile edge. 4, Particularly if the roof is flat, have the soffit

Serious decay frequently occurs in (1) facia, area appropriately ventilated (fig. 22).

especially at joints between two facia boards; 5. Avoid nailing roll roofing to the facia(either
(2) molding at the roof edge, and (3) rafter ends with or without an exposed nailingstrip) unless the
and sheathing edge, particularly when no facia is facia and nailing strip are of naturally decay-
used. In inexpensive or essentially temporary resistant or preservative-impregnated wood. The 3
buildings, roll roofing is brought down over the exposed edges of roll roofing should be secured,
roof edge and nailedto facia, either with or with- if possible, with a suitable adhesive rather than
out a nailing strip. The nailing strip is sub- with nails.
ject to direct wetting by water running off the roof;
eventually water penetrates the roofing at nail
punctures, leading to decay of the underlying wood.

Unless specially protected, exposed rafter and Preservative Treatment tor

beam ends are vulnerable to decay in wet climates. Roof Edires
If decay of facia or sheathing edges progresses un-
checked, it eventually will involve rafter ends, and Facia, nailing strips on roll roofing, and ex-

greatly increase the cost of repairs. posed molding can be given maximum protection
by deep preservative treatment. Two treatments
that will leave the wood paintable are: (1) Impreg-

Construction to Protect Roof Edges nation with pentachlorophenol (penta) in a volatile
petroleum solvent and (2) impregnation with a

The following five construction features are waterborne salt. In areas of moderate rainfall,

recommended to protect roof edges against rain naturally decay-resistant wood or a 3-minute dip
wetting: in a water-repellent preservative usually protects

1. Extend shingles, tile, slate, or metal roof these items.
coverings at least 1 Inch beyond any wood at the For exposed rafter ends in the wet climates, a
eave and rake edges. minimum treatment would consist of dipping the

The gable end, or rake, canbe additionally pro- ends or liberally brushing or spraying them with

tected by laying under the shingles a cant strip of a water-repellent preservative (if pentachloro-
bevel siding 1/2 by 6 or 8 inches, thin edge inward, phenol, a penta concentration of 10 percent, or a
along the gable edge, to guide the water away from double application of the conventional 5 percent
the edge. solution, is desirable).
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Figure 20.--Appropriately designed metil f le,hiqn, (trop) ond similar gravel stop (bottom)
provide good protection to edge,. of bui It-up roof-,. The turned-out lip of the "ash-
ing diverts much of the rainwater from the fossici ,ond wal I.

(M 124 972)

Protectina Buildina Atmendages do little to prevent decay in appendages of wood
buildings. In other climates, however, proper de-
sign can materially lengthen service life. Basic

Of all exterior components of buildings, append- features consist of providing cover by a very wide
ages are most subject to maximum wetting from cave, sloping the porch or similar deck to drain
rain and to decay. Most decay In outside steps and off rainwater, and keeping the construction simple
stairs, porches, platforms, and similar append- to minimize joints and contacting surfaces in and
ages results from rain wetting. Soil contact also between which water can be trapped (fig. 16). De-
can lead to even more hazardous wetting of car- pending on the wetness of the climate, these pre-
riages and supports of steps and outside stairs, cautions can be supplemented by using treated or
and except in the driest climates should be strict- naturally decay-resistant woods.
ly avoided unless treated with preservative. Several procedures can minimize trouble from

rain wetting of porches, stoops, platforms, and

other flat decks exposed to the weather. Perhaps
Construction for Protection most important is to avoid double flooring(fig. 16).

of A22endazes Others are to: Calk the joints in the flooring with
white lead in oil if naturally resistant or treated

In the wetter climates (fig. 6) design alone can wood is not used; promote drainage away from
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Figure 21-Tp How exterior walls can be wetted by melted sno trpebhn an ice

darn. Bottom, How flashing prevents wetting of exterior wall~s from snow water.

(M 955 77)

the building-, and provide drain channels in the be easily replaced If decay does occur. In boxing
bottom rail of screens to keep the rail and win- the roof beam across the front of a porch. the
dow ledge dry. facia board should extend below the soffit (fig. 17);

As little molding or other trim as possible thus there will be no horizontal ledge to hold water.
should be used. Railings should have a simple Step rails should be placed over the top of the
design with few joints into which water can seep, newel--not abutted to its side. An eave gutter
and components should be so joined that they can should be provided to prevent roof runoff from
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striking porches or other decks, pellent in light oil, such as mineral spirits (Corn-
For porches a self-supporting concrete slab is mercial Standard CS 2622", can add a great deal

much preferable to one on a dirt fill. If a dirt fill to the service life of many appendages (fig. 23).
is used, the porch should be separated from the Woods with moderate natural decay resistance,
building or it should be constructed as described like Douglas-fir, will give especially good service
in "Protecting Foundat ion and Substructure after dip treatment in a water-repellent preserva-
Wood.3 All forms used in pouring concrete should tive,

be removed,

Protecting Exposed Load-Bearing Members

S•-" ACIA For architectural effects or for ease of con-
struction, load-bearing members are sometimes
exposed to wetting from rain (fig. 24). Lami-

crruous nated or solid arches in churches and gymnasi-
LWEIVED V urns are extended beyond the roof edge to a con-

:•oA-Fi r crete abutment; purlins or roof beams are ex-
tended beyond walls; rafters are extended be-

Figure 22.--Good rooa-, qge construction for yond roof decking; and sometimes the sides of
a flat roof with a iffit at the eave. heavy edge rafters or beams, particulary in flat
The soffit is cntillnuously vented, and beam-and-plank roofs, serve as facia and are
airflow is incF.-dSed by an airway beneath exposed to the weather and subject to a high
the roof.

seepage and decay hazard. Protruding parts of
CM 134 Q35) arches have been destroyed by decay within 4

years in warm, moist coastal areas.

Preservative Treatment
of Aopendaares Construction to Protect

Load-Bearing Members

Because wood steps, stairs, porches, and other
appendages cannot be adequately protected in a wet If load-bearing members, such as arches, raft-
climate by design alone, they will have a longer ers, and roof beams, must be exposed to appreci-
service life If they are of naturally decay- able wetting, they should be pressure treated.
resistant wood or are treated with a preservative. Metal caps or flashing will give considerable pro-
Framing or other items to be left unpainted can tection but should not be depended ontogive long-
be pressure treatedwithanypreservativecovered time protection in high-rainfall areas. MetalF; by Federal Specification TT-\\-571" that will be sockets in which wood arches or columns rest
suitably free of discoloration or odor; for items should have a drain hole at the lowest point to
that must be essentially free of oil for painting, prevent their serving as a reservoir for water.
only the waterborne salts or pentachlorophenol in
volatile petroleum solvent should be used. These
preservatives also are safest where there is Preservative Treatment of
possibility of discoloring flooring or other wood Exposed Load-Bearing
by oil creep along nails. Members

Water-repellent as well as fungi cidal protection
is often desirable. Suitable water repellents cannot Only pressure-treated wood should be used for
be incorporated na water solution tobe applied by load-bearing members exposed to considerable
pressure, and if palatability is desired they should wetting. Because of the relatively high cost and the
not be in an oil solution to be applied by pressure, load-supporting requirements, exposed arches
But they can be added later by dipping or by spray- should always be given a high-quality treatment.
Ing. The preservative should be chosen for appearance,

A short-soak (dip) treatment of 3 to 15 minutes for paintability, aud, in glued laminates, for its
in a mixture of pentachlorophenol and water re- effect on gluing. For laminated wood, the fabricat-
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ing company should be consulted for chemicals ing heavily or by soaking with a water-repellent
acceptable for treatment, preservative. This treatment would precede any

Exposed load-bearing items other than arches installing of a metal cap. Penta-grease treatment
may be benefited In areas of low-to-moderate (see "Preservative Treatments for Building Lum-
rainfall--and in wet areas if considerable protec- ber*) should be especially effective on the end
tion is also afforded by roof overhang--by brush- grain of exposed members.

Amk

NMI.

A* 4',

Figure 23.--Contrast between dip-treated steps (ZM and untreated (bottom) after 5 years
of exposure near Gulfport, Miss. On-site dip treatment consisted of rnesgth
precut lumber 3 minutes In a light oil solution of 5 percent pentachlorophenol and
water repel lent.

* (M 128 614)
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Figure 24.--Load-bearing wood members exposed to weather: Top, Laminated arches.
Bottom, Exposed rafters. Exposed load-bearing wood in a permanent building should
be pressure treated.

(M 134 934)

SPECIAL ROOMS PROTECTING

Shower, cold-storage, l a u n d r y, and air- wood ordinarily is not visible, hence damage may

conditioned rooms, kitchens, and enclosed swim- not be apparent until a wood member fails. For-
ming pool areas can have special moisture and tunately, there are usually indications of wetting
decay problems. Decay in these areas, though before any significant decay occurs, and most
small overall, is occasionally costly; theaffected difficulties can be easily avoided by good design.
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Shoer Rooms the barrier membrane is attached to wood treated
with an oil preservative, it should be polyethylene.
Oils may damage asphaltic materials.

Sources of moisture that promote decay in Walls should be waterproof, and the upturned pan
shower rooms are: (1) An occasional plumbing edge overlapped at least 2 inches. A satisfactory

leak; (2) condensation in walls, ceiling, and floor; wall material is waterproof planter on galvanised
and (3) leaks through walls and floors. Even minor wire lath, particularly when covered with tile or
leaks can lead to costly decay. Wetting and de- sheet metal with waterproof crimped or moldered

say are most acute in barracks and dormitories joints. The effectiveness of panel liners will de-
where shower rooms and stalls are heavily used, pend on how well holes made by the attaching nails
Condensation may be especially serious where are sealed. Special grades of smooth-surface
rooms next to showers are air conditioned, asbestos-cement panels are satisfactory if the

Moisture may be reduced at its source by forced joints are properly sealed. Without precautions,
mechanical ventilation, leakage through joints between the panels can

occur in the shower room. Joint seals can be
made by using well-designed metal connectors
or--if the appearance is acceptable--by gluing

Decay-Resistant Construction on batten strips of asbestos cement.

for Shower Rooms Holes for the entry of water pipes also are
weak points in shower-room walls--particularly

Shower rooms can be kept free of serious in walls with panel liners. These are not easily
decay by the following conditions: (1) Watertight sealed. Locating entry holes as high as possible
plumbing; (2) watertight lining of the walls and helps. In buildings where appearance is not a
floor; (3) an effective vapor barrier as near as consideration, entry holes can, of course, be
possible tothe warm side of the walls, floors, and avoided by using surface piping. Shower and
ceiling (also applicable to adjacent dressing dressing rooms in particular can benefit from
rooms); and (4) decay-resistant wood framing and forced-draft ventilation, especially in air-
sheathing in the walls and floor, and resistant conditioned buildings.
window sash and frames (if present). In cold weather, window ledges and frames in

Although the vapor barrier and the decay- showers and adjacent rooms may rot from con-

resistant wood may not be needed for decay con- densation running off the panes. This can be re-

trol in the average home; the vapor barrier duced by using double panes or storm windows.

nevertheless frequently helps to prevent early In general, windows should be avoided in shower

paint failures on adjacent siding. Rlegulated rooms or over tubs fitted with shower heads.

forced-draft ventilation is 9 good supplementary
precaution to limit the buildup of vapor in a
shower area. Preservative Treatment

For the home, individual shower stalls are for Shower Rooms

often prefabricated of metal or fiberglass. There-
1fore they are usually watertight. In other con- Wood window sash and frames in shower

struction the shower pan becomes a waterproof rooms and framing or sheathing in floors and

layer on the floor (fig. 25) except for slab-on- walls should be pressure treated with a wood

ground construction on the first floor, preservative. Trim above tubs with showers
4 Vapor-barrier material to be installed on the should also be pressure treated. A waterborne

warm side of the walls, ceilings, and floors of the preservative i. preferable (see Federal

heavily used shower area will be of adequate qual. Specification TT- W-5711). Vapor barriers

ty if it meets Federal Specification UU-B-790, should be polyethylene if attached to studs or

Type I, Grade A. The shower pan itself serves as joists that are treated with an oil preserva-
•ia vapor barrier under the area covered by it. If tive.

--LFederal Supply Service, General Services Administration. Federal Specification UU-B-790,
Building Paper, Vegetable Fiber (Kraft, Waterproofed with Water Repellent and Fire Resistant).
1968.
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WArTEPROOF SHOWER--_ rREATED PtLAE, SrUo, A ND

LINER (/INCLUOtNO A SHEArTHIN6
VAPOR BARRIER)

WATrERPROOF LINERI.
S~MASONR•Y WAIL

4- iNCH CO NcCREM SLA B. 1W.r.RP::F PA

rTREATED JOISTS AND SUOFLOORING

Figure 25.--Basic designs for heavily used shower rooms: Left, With wood-frame wall.
A continuous waterproof pan encloses the slab and 8-inchwT'l curb. A waterproof
liner overhangs the curb by several inches. Where an adjoining room also has slab
floor, the slab can be broken to allow Installations of the pan as shown. Right,
With masonry wall. For masonry or concrete walls, the pan must be tied Into the
walls to prevent water that runs down the wall from getting back of the pan and
seeping below the shower slab. The pan can be bent into one of the masonry joints
or It can be secured to side of masonry wall and overlapped from above by a water-
proof shower-wall liner. All adjacent wood is pressure treated.

(M 128 807)

Cold-Storage Rooms stored products near the door, being colder than
the incoming vapor, act as condensing surfaces and
become wet. If doors are used frequently, some

Wood in walls, floor, or ceiling of a cold- surfaces may be wet for long periods and become
storage room is subject to decay associated with heavily molded. This is objectionable eventhough
condensation unless certain simple elements of not a decay problem. Wet wall surfaces and room
design are incorporated. Also, fibrous or other contents will gradually dry, however, if the door
hygroscopic thermal insulation may become is left closed sufficiently long. The drying occurs
waterlogged, and metal parts rust. Surface mold- because the temperature of the cooling coils is
ing is common. The construction designs dis- several degrees below that of the room and the
cussed here can be applied to any refrigerated coils act as condensers on which moisture in the

, space held at temperatures below 65* F. room sooner or later collects.
In cold-storage rooms there are two distinct Most materials used in constructing cold-

zones of condensation: (1) On inner wall surfaces storage rooms, such as wood, plywood, asbestos-
and on stored products, and (2) within the walls, cement, cork, plaster, and concrete, are, to vary-
floor, and ceiling, ing degrees, permeable to water vapor; unless

Vapor moves into a cold-storage room when entry of vapor into the wall, ceiling, and floor
a door is opened. Worn or inadequate gaskets on is restricted, damaging condensation within these
door jambs and on pipe openings through walls are areas can be expected.
also points of entry for water vapor. The walls and
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Construction to Minimize with a permeability not to exceed 0.25 perm and
Condensation in Cold- rugged enough to withstand considerable abuse
Storage Rooms (see table 3). Typical barriers of this kind are

smooth-surface roll roofing weighing at least 45
A cold-storage room of typical frame construc- pounds per square, duplex material, and 6-mil

tion, built next to an outside wall, is shown in polyethylene film. If the barrier is to be placed
figure 26; the vapor barrier and the thermal in- against wood that has been creosoted or treated
sulation are particularly essential, with a preservative containing a petroleum sol-

Vapor barrier.--A vapor barrier must be in- vent, polyethylene film shiould be used.
stalled in floors, ceilings, and all walls except The exact location of the vapor barrier will
those between rooms of the same temperature, vary with the type of construction, but it must be
All joints should be lapped at least 2 inches on on the warm side of thermal insulation. With
walls, ceilings, floors, and at the junctions of frame construction, the vapor barrier can be in-
walls with ceilings and floors, stalled on the inner faces of the studs and ceiling

The vapor barrier should be the heavy-duty type joists before the plywood sheathing is attached. In
the floor, the barrier usually is laid over the sup-
porting subfloor before the thermal insulation is

,DEcAY- RESISRANr FRAAI xmIv installed.
A vapor barrier is also tieeded on the warm side

of doors of wood or other vapor-permeable mate-
rial. Steel bumper plates mounted flush on the
inner sides of doors are not recommended because
they act as vapor barriers on the wrong side of

r_ Pthe door. It is safer to have an air-space between
bumper and door. Flush steel bumpers might be

THERMAL INSULArION safe if liberally perforated to permit vapor pas-
sage.

PLYWOOD (EXTERIOR GRADE) Insulation and room liner.--Thermal insulation
is not needed in partitions between rooms of the

HEAVY-DUTYu VAPOR BARRIER same temperature but is needed in all other walls,
floors, ceilings, and doors. It must be located on

DECAY-RESISTANT FRAMING the cold side of the vapor barrier. Toensure that
AND SHEAMTN/G

the dewpoint temperature will always be on the
OREA•HING SHEATHING PAPER cold side of the vapor barrier, the amount of

insulation needed should be calculated on the
--SIDING basis of the lowest temperatures expected.

If the vapor barrier is effective and the thermalinsulation adequate, the type of the inner wall sur-

face is immaterial. However, as an additional pre-
caution it is well to have lining materials that are
as vapor permeable as possible. If vapor leaks
past the barrier, and can escape to the inside,
it will then not build up within the wall. Unpainted
cement plaster is a good liner.

EocAr-RES1SANr FR•A•INa An entrance area, or vestibule, to the refrig-
S•AND SHEATHING- erated space will minimize the inflow of warm

Shumid air because the first door can be closed be-
Figure 2 6 .-- Design for a cold-storage room fore the second is opened. Vestibules such as these

[ to avoid moi sture accumulation and decay need tight-fitting entrance doors.
In walls, ceiling, and floor. The vaporbare sotieth nuain o-Preservative treatment for cold-storage.. ~barrier Is outside the Insulation, con---

forming to the basic rule that a barrier rooms.--All framing and sheathing used in con-
used for controlling condensation must be structing a cold-storage room and the wood trim
placed on the warm side of a partition. and doors should be pressure treated with an

(M 124 970) approved wood preservative. The safest preserva-
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tive is a waterborne salt because it presents no 2. Paint peeling, paint blistering, and molding
problem of odor, oil creepage, or injury to barrier on walls or ceilings.
material. 3. Plaster failure and rusting of lath. Only oc-

casionally does wall paneling cup or buckle.
Air-Conditioned Rooms 4. Loosening of tile or linoleum. The loosen-

ing occurs if condensate accumulates at the ad-
hesive line.

Air conditioning by refrigeration can create 5. Decay. Usually is restricted to the top of
conditions in which condensation and even decay the subfloor but sometimes includes all of the sub-
can result. Although these conditions are not floor, the joists, and the lower face of the finish
widely prevalent, they are discussed here be- floor.
cause of the rapidly expanding use of air condi-
tioning and because little has been written about
its potential for decay-favoring condensation. Construction and Temperature

The more moderate degree of cooling with air Rexulation to Minimize
conditioning generates less condensation in spaces Floor Condensation
surrounding living quarters than is found in spaces
around cold-storage rooms. Some commercial To minimize condensation in floors cooled by
storage rooms may carry a moderately cool air conditioning, dewpoint temperatures in the
temperature of 650 F. or somewhat lower. Such floors should be prevented. Three general rec-
rooms, although not much cooler than air- ommendations can be offered: (1) Have a moderate
conditioned living quarters, should be treated in temperature in the air-cooled space, and main-
humid climates as cold-storage space. tain it no longer than necessary, (2) keep the

humidity of the crawl-space atmosphere as low
as practicable, and (3) install a vapor barrier

Damage from Condensation on the warm, under side of the floor to limit

vapor migration to the cooled surfaces.
Damage from condensation caused by air con- The temperature of air-cooled rooms should

ditioning occurs in the following forms: be no lower than is necessary for comfort, and it
1. Dimensional changes in flooring. Cupping should be maintained only when needed. Assum-

of individual floor boards is the usual deforma- ing a dry crawl space, indoor temperatures of
tion; the boards remain attached, but turn up at 750 F. or above are safe even with continuous air
the edges because the lower surfaces swell more conditioning. Some minor floor deformation may
than the upper, making slight ridges at the longi- occur, particularly if floors are laid tight at a low
tudinal seams. Cups will show through most moisture content. In rooms where many people
sheet or tile coverings. Greater and more general congregate, the temperature may be safely lowered
deformation may occur if the flooring is laid at during periods of heavy use to maintain reasonable
low moisture contents without appropriate spac- comfort. Also when conditioners are operated only

ing. The subsequent swelling may buckle the floor during daytime, lower temperatures usually are
and create ridges several inches high in a number safe. Intermittent cooling effectively precludes
of boards. condensate accumulaticn by permitting drying

Cupping or buckling should be taken as a warn- when the conditioners are not in use.
ing to beware of condensatioa,, not as evideace of A crawl space can be made dry by site drainage,
its presence; these flooring defects can be pro- ventilation, and the use of a vapor-resistant soil
duced without condensation by elevated wood mols- cover (as described in I Protecting Foundation and
tures in equilibrium with the damp crawl-sptce Substructure Wood'). A soil cover is most effec-

Satmosphere. Crawl-space air next to the floor is tive.
cooled and its relative humidity thereby increased. 'rhe condensate from air-conditioning units
Thus, if the increase in relative humjdity adjacent should be drained to the outside and provisions
to the floor is great enough, the moisture vapor made to lead it away from the building, to prevent
entering the wood may cause objectionable swell- crawl-space wetting.
Ing without condensation. iý is especially important to keep the crawl
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space dry if the crawl space contains hot pipes, permeable construction. Refrigerant pipes within
Hot pipes can increase temperatures in the space walls must be adequately insulated or condensate
to such a level that, even with comparatively low can run down them and seriously wet wall plates.

relative humidities, the dewpoint temperature may If large volumes of steam or vapor are re-

be considerably above 700 F. In this case, trouble- leased in an adjoining room, forced-draft venti-
some condensation in the floor can occur despite lation of that room is recommemded; it may be
moderate air conditioning. The condensation haz- additionally helpful to install a vapor barrier on
ard is, of course, increased if the pipes carry the warm side of the separating wall. Require-

steam and are leaking. ments are the same as described for thb barrier
Vapor barriers properly placed and correctly to prevent winter condensation in omtide walls.

installed prevent condensation caused by air con-
ditioning when dewpoint temperatures cannot be
avoided. They are especially appropriate for use Indoor Swimming Pool Armea
in walls between an air-conditioned and an adja-
cent room; they also can protect floors against
wetting from the crawl-space atmosphere. Frame walls and the roof enclosing an indoor

When a vapor barrier is needed below the floor swimming pool are especially subject to conden-
in a crawl space, practical difficulties arise. In- sation, decay, and paint problems unless preven-
stallation is complicated by bridging, beams, tive measures are taken (fig. 27). The basic dif-
pipes, and electrical conduits. Pliable films are ficulty with the swimming pool area arises, of

extremely difficult to maintain if applied to the course, because the pool has a large surface of
lower edges of joists; consequently, this type of heated water that gives off a great deal of warm
application is not recommended. Rigid insulation moisture. In cool or cold weather, the situation is
board with a vapor barrier attached is much more essentially the reverse of cold-storage rooms or
dependable. It should be installed with the vapor air-conditioned rooms: The warm moist atmos-

barrier on the underside. Even better is blanket phere is in the swimming pool area, and the

insulation material with a vapor barrier on one relatively cold temperatures are on the outside.
side; this is attached flush against the underface
of the subfloor between joists with the vapor
barrier exposed on the lower surface, Wall and Roof Construction

for Swimminx Pools

Construction to Avoid To avoid serious condensation in the swimming
Condensation in Walls pool area five measures are suggested (1) Venti-

late the area as much as practicable to decrease
Outside walls of an air-conditioned room do not accumulation of moisture in the air. Forced-draft

nornmlly require special construction to avoid ventilation is especially helpful and should gen-

condensation. Significant condensation in the out- erally be provided in temperate climates; (2) in-
side walls is evidence that the air conditioning is stall an appropriate thickness of thermal insula-

too continuous, the temperature is set too low, or tion within the walls and roof to prevent a dewpoint
that both conditions exist. There should be little temperature being reached on the inner surfaces;
trouble in walls between kitchen or laundry and (3) install a vapor-barrier membrane on the warm

an air-conditioned room if the warmer room is side of the wall studding and as near the warm sur-
reasonably ventilated and its walls are painted face of the roof structure as possible to reduce the

with one of the more vapor-impermeable paints, amount of moisture vapor leaking into the walls
and if materials comprising the cold side of the and roof; (4) avoid highly vapor-retardant mater-
wall are as vapor permeable as possible (to pre- ial in the outer part of the wall; and (5) provide

vent such vapor as gets past the warm face from for ventilation just below the roof cover. Pre-

being trapped within the wall). Plaster on studs cautionary measures (4) and (5) allow water vapor
with the cold face painted with a latex-emulsion to escape to the outside if the vapor-barrier mem-
type paint having relatively low resistance to brane on the inside does not wholly exclude vapor

vapor would, for example, be good vapor- in amounts that might produce condensation.
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Preservative Treatment for Wood treated wood for sheltering the swimming pool.
Enclosing SwiMnMinz Pools If treated wood is available at reasonable cost,

it might be justified to ensure satisfactory per-
If the foregoing precautions are followed, it formance, especially for the roof members.

should not be necessary to use preservative-

ýj~

:•i~f 0 Y"to{

Figure 27.--Condensatlon promoted decay In inner roof boards (dark color) of a swimming
pool. Light-colored boards are replacements for decayed boards. Watermarking on the
beams evidences extreme wetness.

(M 110 432)

PRESERVATIVE TREATMENTS FOR BUILDING LUMBER

If a part of a building is vulnerableto decay and realized from use of treated wood as compared
cannot be protected by keeping it dry, the alterna- with untreated wood Is given in figure 28.
tive is to use wood that is naturally decay- In the preceding sections treated wood nas been
resistant or ha.s been treated with preservative, recommended for particular items under certain

Cost is often the decisive factor indeterrnining climatic and building conditions. Many factors will
whether to treat wood, but the cost of not treating determine the type of preservative and treating
may be greater. An example of savings to be method best suited for a particular part of a
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building. Details on chemicals and treating Crote., Coote-Petroleum
methods can be found in the Additional Reading MixturesM and Penta"0ro-

at the end of the text. The following summarizes phenol in a Heavy Oil
the information particularly applicable to build-
ings. These have a high degree of permanence but

have a persistent odor which may be objectionable.
-,o- - Wood treated with them usually cannot be painted

S CosrWr•,rroose~o or glued satisfactorily, and the oil may creep
along nails and stain untreated wood attached to
it. These preservatives are used mainly for cows-
mercial pressure treating. Vapors from
wood treatedwith pentachlorophenol may beS..injurious to plants.

C "fir*o•rOPPS --- -Pentachlorophenol in Liquefied
Petroleum Gas

jj Pentachlorophenol also is dissolved for pres-
to ,I SO Of SO sure treating in a liquefied (under pressure)

petroleum gas. When pressure is released, the gas
Figure 28.--Example of savings obtainable volatilizes rapidlyat ordinary temperature.Con-
by using wood treated with a preservative, sequently, items treated with pentachlorophenol in
compared to cost of Lntreated materlI. liquefied petroleum gas donotpresentpaintability

(M 128 675) or other problems commonly associated with
material pressure-treated with the preservative

Wood Preservatives in an oil carrier.

Pentachlorophenol in Might
Wood preservatives which are applied to

wood to provide protection against fungi and Petroleum Solvents
insects are pesticides. Since the registra-
tion of pesticides is under constant review Light oil solvents, such as mineral spirits,

by State and Federal authorities, a respon- evaporate and leave a clean, paintable surface if
sible state agency should be consulted an to applied by such simple methods -.s brushing, dip-
the current status of these preservatives and ping, and spraying. An additional advantage--re-
treated wood products. sistance to rain wetting and the resultant improved

The use of wood treated with creosote or dimensional stability and decay resistance--can
pentachlorophenol in the interiors of tightly be secured if a water-repellent ingredient is in-
enclosed buildings witi poor ventilation gen- corporated in the treating solution.
erally is not advisable. Vapors may cause Ready-to-use solutions of 5 percent penta-
injury if adequate ventilation is not assured. chlorophenol In light oil with a water repellent

Use only pesticides that bear a Federal meeting Federal Specification TT-W-572
registration number and carry directions may be available through a variety of local
for uses that you intend to employ. Pesti- retailers as 'water-repellent penta." If "1
tides used improperly can be injurious to to 5" and "I to 10" concentrates of pentachlo-cdman, animals, and plants. Follow the do- rophenol are available, they can be diluted

rections and heed all precautions on the withmineral spirits whena solution stronger
labels. Store pesticides in original con- than 5 percent is needed to compensate for
tainers--out of reach of children and pets. particularly shallow penetration.
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Light-oil solutions are used mainly for on-site borne or waterborne preservatives, dstals can
treating, but millwork treated with such solutions be found in Federal Specification TT-W-571 No
and including a water-repellent is available on in the standards of the American Wood-Pro-
the market, servers' Assooiation. These guides give the mini-

mum retentions considered necessary for varioum
conditions of service. Where treating may differ

PentachloRMhenol in a with wood ipecies, this also is evaluated.
Grease-Like Base

"Penta grease* is used mainly for on-site On-Site Treatix
treatirg. Surfaces close to the point where penta
grease has been applied may not be palntable for
several weeks. However, penta-grease permits On-site treating refers to application of the
substantially deeper penetration than can be oh- preservative at the building site. If treating is
tained by other simple treating methods, done after construction, it is called in-place

treating. Because on-site treating can be timed
and tailored to fit a variety of needs, it can be

Waterborne Salts a significant and valuable adjunct to the total
measures for protecting buildings. Also it often

Wood treated with a waterborne salt and then can be a convenient and adequate means of pro-
dried is clean, paintable, and free of objectionable viding precautionary protection for lumber that
odor. The treated wood must be redried and can is used an a replacement for decayed lumber in

develop additional checking in service from wet- situations where the contributing moisture situa-
ting and drying. Waterborne salts are used main- tion presumably has been corrected. It has a
ly for commercial pressure treating: such place in the maintenance of structures that show
treated wood has many uses in buildings. Someof signs of needing protection.
the waterborne salts are among the most effec-
tive and permanent preservatives available. They
are especially recommended for wood foundations Dip and Short-Period Soaking
in contact with the ground.

Dipping and short soaking are the most appro-
priate methods to treat lumber on the building site

Degree of Preservative Protection Needed before it is placed in the structure. These
treatments are effective only in items used
aboveground and should be applied to mate-

Types of treatment suitable for building items rials after the necessary cutting and boring
in various usages and exposures are given in has been completed.
tables 4, 5, and 6. The items are placed in the Where pre-cutting or pre-boring is not practi-
respective tables according to whether their ex- cable, untreated surfaces exposed at the buildingposure to wetting is influenced by their distance site should be protected (the same as with

from the ground, by the amount of roof overhang, pressure-treated wood) by follow-up treating--
or primarily by climate alone, Climate is a fac- dipping, brushing, spraying, or spreading with
tor in all cases. Treatment needs for items penta grease--whichever is the most practical.
other than those listed can be judged from the An the name implies, short soaking con-
similarities of service and exposure. The thor- sists of relatively brief immersion of the
oughness of treatment suggested, types A (pres- item in a preservative solution. The soaking
sure treatment), B (nonpressure treatment), and period ideally should not be less than 3 min-
C (no treatment), is based in part on the climate utes, a standard time widely used in corn-
index. A formula for climate index appears in me rcial treating of window and exterior door
"Effect of Climate on Decay* and a contour map c
of climate indexes in the continental United States Short soaking is commonly referred to as+'~~~~~appears in fdipping 6.hrta sakn. ograpp nfigure 6. treating times up to about 15 minutes are

For appropriate treatment of items that re- desirable where practicable for many items
quire pressure treatment with the principal oil- of exterior woodwork.
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Table 4.--Protective aurea.'- for interior buildin it,,g relative to climate amd to
distance to around

3 322
Climate index1  Cllmate Index tClisate indeu•

I greater than 70 1 33 to 70 1 lose than 35
Item a and a and I and

wood-to-ground :wood-to-ground swood-to-ground
distance of-- : distance of a distance of

- : more than a more than
Less than : 8 inches: 8 inches 3 8 inches

: 8 inches : or more :
--------------------------------------------- :--------- ----------------------------------- - - -

Furring strips below grade level A,_ A_

44 A4 4
Sills or plates on concrete laid on ground: A_ a A- A,_

Sills or plates on concrete or masonry I
wall foundation A A- : C a C : C

Joists, girders, and beams in contact with: k4
concrete or masonry wall foundation a A- : C : C • C

Permanent wood foundation or foundation a a : a
components in ground contact or sep- :
arated from ground by only a water-
resistant membrane A : A : A A

Wood piers in crawl space (on concrete a : :
footing) . A- : C : C t C

Wood windows, framing and sheathing of
shower room walls and floors (where 6 6 6
showers are subject to heavy usage) a A- A- : A- A

Framing and sheathing of cold-storage : : 6 : 6
rooms A A : AA A- h

AA, Pr, tre treat according to Federal Specification TT-W-471 or published standards of

Amp,,. n Wood Preservers Association. For items to be painted or that for other reasons
must be free of residual oil, use a waterborne preservative.

B, Nonpressure treat according to standards that equal or exceed those of Commercial
Standard CS 263-63 or use specified naturally durable wood.

C. No treatment.

-Untreated surfaces exposed by cutting, boring, or shaping after an item has been treated

should be brush treated at the building site, preferably with double-strength preservative.
A protection may be used instead of B. The preservative in some cases obviously muit be
noncreeping and of a type that will leave the wood clean and paintable.

3-See formula under "Effect of Climate on Decay;" also fig. 6.
'Protection is " able until additional information is obtained to substantiate or disprove

.If foundation is brick or concrete block, use A treatment.
6
=Climate or ground-distance does not ordinarily apply.
NOTE: This publication includes research information involving pesticides. It does not

contain recommendations for their use, nor does it imply that the uses discussed have
* been registered. •'l uses of pesticides must be registered by appropriate Federal

and/or State alzf . before they can be recommended.
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The equipment for short soaking may be no exterior angles of the joint. The preserva-
more than a trough large enough to acoommodate tive can be applied rapidly from a calking
the lumber, preferably with adrainboardattached gun with a nozzle of about 3/4 inch. Corn-
to recover excess sojution carried out on the mercial applicators variously designed for

treated stock. Heating facilities areunneoeesary. different forms of spreading are available.

Ordinary construction lumber that io air dry-- The greater the number of external angles

therefore dry enough to be soak treated--will receiving penta grease, the more likely the

float. A simple means can be used tokeep it sub- preservative will reach the deepest part of
the joint. With external treating, however,me~rged for the desired time.
one should not expect the preservative to

Penta-Grease TretttL penetrate further into the joint than about
I inch.

Ekpaimentation indicates that penta grease Preconstruction treating with penta grease
can be useful in treating joints and contact would be mostappropriate for items needing
zones after construction by laying it in the protection chiefly on cross sections where

Table 5.--Protective measures1--2 for exterior building items not much affected by
roof overhang, in various climates

Item : Climate index : Climate index : Climate index
* greater than 70 : 35 to 70 : less than 35

---------------------------------------------------- -------- ---------- ---------

Posts set in ground . A A A

Columns (porch, carport) . A B:1  C3

Board panels (fence, carport louvers) A B C

Porch flooring and joists A B C

Rails (porch, step, fence) : A B : C

Treads and stringers (carriages) A B C

Roof edges (exposed sheathing, molding, : :
fascia) . A B C

Exposed rafters : A B3 : C

Exposed arches : A A : A-

Access panels . B : B C

Access frames . A : B C

-A, Pressure treat according to Federal Specification TT-W-571 or published standards of
American Wood Preservers Association. For items to be painted or that for other reasons
must be free of residual oil, preservative should be the waterborne type of an oilborne
applied in volatile petroleum solvent.

B Nonpressure treat according to standards that equal or exceed those of Commercial
Standard CS 263-63 or use specified naturally durable wood.

C, No treatment.

-Untreated surfaces exposed by cutting, boring, or shaping after an item has been treated
should be brush treated at the building site, preferably with double-strength preserva-
tive. A protection may be used instead of B. The preservative in some cases obviously
must be noncreeping and of a type that will leave the wood clean and paintable.

ZPenta-grease treatment of ends (end grain) would be a good precaution.

4Protection is desirable until additional information is obtained to substantiate or
disprove need.

NOTE: This publication includes research information involving pesticides. It does not
contain recommendations for their use, nor does it imply that the uses discussed have
been registered. All uses of pesticides must be registered by appropriate Federal
and/or State agencies before they can be recommended.
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the end grainst exposed. The base of a post sorption obtained over a period of several
or column that is to rest on cone rete exposed hours will be worthwhile.
to the weather is a good example of the part Preoagous For on-site T1eating
of an item that might be particularly bene-
fited by pents-grease treating. The grease
should be spread on the cross section in a To treat lumber on the building site, someplan-
I/4- to 1/2- inch layer, the thickness depending ning is necessary to schedule and to completethe
on the decay vulnerability and on the time treating without delaying oonhtruotion. The follow-
that can be allowed for the preservative to Ing procedures should be observed if the treating
be absorbed. Ementially complete absorption is in conjunction with oonstruotion.,
is indicated when the layer of pents greaP! 1. The item should be cut to size and shaped and
ceases to shrink in thickness; this will typi- bored prior to treating if feasible.
cally requireseveral days, although tV:- ab- 2. For treating with a solution, the items should

Table 6,--Protective measur . ,'_ for exterior building items relative to climate and to
amount of roof .werhang

: Climate index : Climate index i Climate index
: greater than 70 : 35 to 70 35 to 70

and roof : and roof ar.d roof
Item : overhang of-- : overhang of overhang of

:- -- le- : e than : any amount
:•Less than: 2 feet: 2 feet
: 2 feet :or more:

---------------------------------------- --------------------- ----------

Exposed, load-bearing structures A : 13 :
Siding and trim 10- B C C
Window sash B-' B b6 L

Frames and trim (windows, scree.. , doors) : B : 6 C
Shutters : B- B : B C

4A, Pressure treat according to Federal SpeLification TT-W-571 or published standards of
American Wood Preservers Association. For items to be painted or that for other reasons
must be free of residual o' , preservative should be the waterborne type of an oilborne
applied in volatile petrol am solvent.
3, Nonpressure tret accozding to standaids that equal or exceed those of Commercial
Standard CS 263-6.3 or --Re ape-'fled ni-;urally durable wood.

C, No treatment.

-Untreated surfaces ý.:poseu by cut-tin.,, boring, or shaping after an item has been treated
should be b-....'. Lreatcd at the building site, peferably with double-streugth pre-
servative. Vroteclion may be ,•ed instead of B. The preservative in somr cases
obviously must b" nonireeping and of a type that will leave the wood clean and
paintable. A

I-Protectio,. valid only for 1-story house; if h.use is higher, value of 2-ft. overhang
is Jitan4 ,•.d, and uitu.-.tion should-be considered same as for overhang less than 2 ft.

.7-Protection is d.isirabla tuAitl additional information is obtained to substantiate or
di:. ,ve ueed.

-Decay %,*zard is greatest at joints of item where most serious wetting is by end-grain
ibrnrotion. Therefore adequat, penetration of preservative can be obtained by pro-
tectiua B. Exception: Itesr going into tropical service may need A protection.

6.4;here ovrihang is 2 ft. or .,,ore and the house has but 1 story, no preservative treatment
is neede

NOTE: 'Ths p-iblicetton ;ncludes research information involving pesticides. It does not
contain r:-cnroendatior-. •, r their use, nor does it imply that the uses discussed have
been reg.ste- 1'. .01 uses of pesticides must be registered by appropriate Federal
and/or State agenclas before they can be recommended.
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be submerged not less than 3 minutes; 15 minutes water-repellent preservative is applied by short
is preferable. soaking or by short vacuum treatment. Common

3. The item should be set aside briefly after commercial treatment of this kind for exterior
removal from the treating solution to allow the woodwork such an window sash and frames or
surface to dry before it is handled by carpenters. doors is covered by Commercial Standard CS

4. If any cutting must be done after treating, the 262."
cut surface should be retreated. The best prooe- Occasionally, a single board will be abnormally
dure is to brush-coat the newly exposed sur- permeable because of bacterial or inconspicuous
face. Most siding and trim items are cut to mold infection and will absorb enough oil bya dip
length just before they are attached, which treatment to be unpaintable. These boards fre-
usualiy necessitates delaying the retreating- - quently can be detected after treating by a dark
by brushing or spraying the end grain joints- - oil-soaked appearance; they can be set apart and
until after the items are attached to a building, used in places where paintability is not important.

Unless enough time Is available to get the pre- This overtreating induced by fungal and bacterial
servative solution deep into joints by repeated action is largely a problem of pine sapwood from
flooding, in-place treating of exterior parts of logs that have been stored under water for con-
older buildings does not appear worthwhile. Items siderable time.
like porches, steps, and railings have numerous A simple test can show whether treated wood is
joints that are particularly vulnerable to decay, sufficiently oil-free to be successfully painted. A
but flooding treatment--as with a coarse spray-- cross section of the treated lumber is taken at
usually does not get the preservative deep enough least 3 feet from the end of the piece, and placed
into the joints to reach all existing infections, end grain down on a sheet of asphalt laminated
Another complicating factor is paint in the joints, paper (30-30-30 weight). If the paper under the
which acts as a barrier to the preservative. wood discolors in 15 minutes at 1000 F., a paint-

Flooding treatment and external application of harming amount of residual oil remains in the
penta grease have some potential for treating new wood. The disadvantage of this test is that a fresh-
aboveground structures in place. Success w it h ly cut cross section is required; therefore, testing
these types of in-place treating apparently varies cannot be done on assembled structures.
with types of construction and forms of joints. Safety Precautions.--The following safety pre-
Generally, however, results cannot be expected to cautions should be followed:
be as good as those obtained by treating before 1. Follow the directions and heed all pre-
construction. It is reasonablywell established that cautions on the labels for the wood preserv-
the end cuts of pretreated board siding can be atives that you use.
effectively protected byfloodingthe vertical joints 2. Wear unlined protective gloves and
after the siding has been attached. The butt joints aprons when treating or when handling lum-
of panel siding can be similarly protected. ber that is still wet with treating solution.

If a natural-finish or a painted or stained sur- Gloves should be frequently washed on the
face is desired, a 'cleana treatment is necessary. inside with soap and water.

Five per-ent pentaohlorophenol with water repel- 3. Be concerned about possible damage
lents in rine.l spirits does not discolor wood and to plants and to others that might arise from
if applied without pressure it leaves the surface drifting sprays. Do not breathe dusts or

sprays or allow any significant amount of
paintable. If a stain is desired, a pigment can be them to contact the face,

added to the solution. 4. Hands and other skin areas wetted by
Good paintability generally canbe assured if the preservative should be washed with soap and

water Immediately.
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PROTECTING RUILDINGS AFTER CONSTRUCTION

ReA dar Inrgeotions A moisture meter (fig. 18) is helpful in locating

wet zones within walls or in similar places.
A type of meter employing nonpenetrating oleo-

The cost to protect a frame home or other trodes can be used to measue moisture content
building from serious decay can be minimal if of planter and finish Items.
buildings are inspected regularly and trouble is
corrected early.

At least once a year, places and items most Recoonition of D20"
vulnerable to wetting should be inspected. Partiou- and Serious Wettinu
lar attention should be paid to roofs, roof edges
(facia, soffits, rafter ends), joints in andadjacent Persistently wet places should be noted, andthe
to window and door frames, and appendages such cause corrected promptly. Various indications of
as porches, steps, and rails. Any signs of repeated wetting and decay are shown in figure 29. Ad-
wetting and traces of decay should be investigated. vanced decay is easily recognized; early decay

The crawl space, though it can be difficult to in- may not be. Yet even a small amount of decay is
spect, should not be neglected. In milder climates cause for concern because Serious strength losses
it is vulnerable to decay by the water-conducting usually accompany it; hence those who build or
type of fungus. In colder climates it is subject to maintain wood structures should be acquainted
wetting by winter condensation--especially in the with the ordinary signs of decay infection, parti-
corners. During the summer in warm humid oularly in load-bearing items.
climates the floor may get wet fromcondensation Discoloration of the wood.--As decay pro-
created by summer air conditioning. The framing gresses it usually imparts an abnormal color to
in the crawl space merits particular attention be- wood. This change in color can be a useful
cause it makes up the basic load-bearing members diagnostic of decay if the inspector is reasonably
of the building. Any evidence of plumbing leaks familiar with the color or color shades of the
should be looked for and any leaks promptly cor- sound wood. On surfaced wood the discoloration
rected. commonly shows as some shade of brown deeper

Inspection for winter condensation in the crawl than that of the sound wood. Some decays, however,
space should be made in the late fall and winter, produce a lighter than normal shade of brown, and
and for condensation from air conditioning in the this change may progress to a point where the sur-
late summer. Wetting caused by air conditioning face might be called white or bleached. If this
should be looked for especially on the subfloor. bleaching is accompanied by fine black lines, *zone
"Cupping or buckling of the finish floor is a sign lines,* decay is virtually certain (fig. 4). Often, an
that condensation may be occurring, abnormal variation in color creating a mottled

The presence of a water-conducting fungus may appearance is more helpful in detecting earlyde-
or may not be revealed by strandlike surface cay than actual hue or shade of discoloration.

Sgrowths of the fungus. Highly indicative of decay. and especially con-
Inside a building, places to watch most care- spiouous, is variable bleaching on a dark back-

fully are shower rooms--for water leakage into ground of blue stain or mold.
walls or floor; kitchen areas--for plumbingleaks; Accompanying the color change, there may be an
and cold-storage rooms--for condensation within absence of normal sheen on the surface of infected
"the walls, floor, or ceiling. To find the source of wood. Here also, familiarity with the normal ap-
a leak is sometimes baffling, because water may pearance of the wood can be of great help in reoog-
travel some distance from the point of leakage nizing the loss of sheen. Occasionally, in relatively
within the walls or beneath flooring before it is damp situations, the presence of decay infection
noticeable. Watermarking of walls or floors near will be denoted by surface growth of the attacking
outside walls and damp-appearing surfaces indi- fungus; in these cases the wood beneath usually is
cate leaking water. Often a damp surface will be weakened--at least superficially.
accompanied by molding. Steam radiators should Stain showing through paint films, particularly

be routinely checked for leaks. on exterior woodwork, is evidence of serious
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Figure 29.--Various indications In building components of moisture accumulation and
decay: A, Rust around naill. B and C., Surface mold on wood, and failure of paint

Son areas--near absorptive end g'•atn, _b, Sunken surface or visibly deteriorated
.wood, often with paint failure. E, I'ult bodies of fungi (evidence of advanced
,decay). F_,Nail pulling (evldencý'of alternate shrinking and swelling).

(M 128 124)

wetting and probable decay beneath the film. tends to lift out withlessthanusual resistance and

Rust around nail heads suggests that wetting has usually as two relatively short pieces. Moreover,

been sufficient for decay to occur, these short pieces break brashly at points of frao-

Loss of wood touahness and hardness.--Wood ture; that is, abruptly across the grain with vir-
can also be examined for decay by simple tests tually no small splinters protruding intothefrac-
for toughness of the fibers and for hardnesss ture zone.
Toughness i the strength property most severely On planed lumber, the reduced toughness of wood
reduced by early decay. The pick test is a helpful with early decay to sometimes indicated by ab-

and widely used so aiple means ofdetecting di30) n- normally rough or fibrous surfales. Sillarly the
ished toughness. It is made most reliably on wet end grain of a board or timber may be rougher
wood. An FPe pick, small chisel, sharpened screw- than usual after sawing.

.!driver, or similar sharp-pointed or edged instru- Toughness may also be reduced by certain other
ment of tough steel is jabbed a short distance into factors such as compression wood, tension wood,
the wood and a sliver pried out of the surface. The or compression failures. There usually is little

Sresistance offered by the wet wood to prying and doubt of decay Infection if the weakening is ao-
the character of the sliver when it finally breaks companied by a decay-induced type of discolora-

,!are indicative of toughness. tion.
In the pick test, sound wood tends to break out In many cases the reduced hardness of infected

as one or two relatively long slivers and the wood can be detected by prodding the wood with a
breaks are of a splintering type (fig. 30): Where sharp tool. Softening, however. usually is not so
loss of toughness has been appreciable, the wood obvious or so easily detectable with early decay
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Figure 30,--The "pick test" for early decay. Wetted wood if sound (left) lifts as a
lone sliver or breaks by splinferlng; If Infected (riht) It tends loft In short
lengths and to break abruptly across the grain wlthout splintering.

(M 124 721)

as is a decrease in toughness. papery, of a dirty white with a yellow tinge. They
Shrinkage and collapse,-- Decay in the more ad- may spread over the surface of moist wood, or--

vanced stages frequently causes wood to shrink and more commonly--between sub- and finish-
collapse. Under paint, this may firstbe manifested flooring or between joists and subfloor (fig. 31).
by a depression in the surface. Often the paint will These growths may further appear under carpets,
acquire a brown-to-black discoloration from in cupboards, or inotherprotectedplaces. Water-
soluble materials migrating from the interior zone conducting, vinelike strands grow over the found-
of decay to the outside; also, fruit bodies of the ati3n, framing, the underside of flooring, inside
attacking fungus sometimes appear on the surface, hollow concrete blocks, or in w\,all voids,

In exterior woodwork, wetting is often evidenced The fungus carries water through these strands
by brown-to-black discoloration or loosening of from the damp ground or other source to the

paint, particularly at joints. If there alsohas been normally dry wood being attacked. Usually the
substantial decay, the discoloration may be asso- main water conductors are 1/4 to 1/2 inch wide
elated with interior collapse and surface depres- although they sometimes reach 2 inches. They
sion. are similar in color to the fanlike growths al-Surface growths.--Decay in crawl spaces in- though they sometimes turn brown toblack. During

vaded by a water-conducting fungus may be evi- dry weather, shrinkage cracks in floors often out-
denced by fanlike growths, vinelike strands, or by line the extent of an attack. Rotted joists and sub-
a sunken surface of wood resting on foundation flooring in relatively dry crawl spaces usually
walls or piers, Such decay is usually most ad- have a sound shell even when the interior wood is
vanced near the foundation, because the fungus essentially destroyed.
usually starts there. The fanlike growths are
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Figure 3 1.-- Advanced stage of decay by water-conducting fungus Poria Incrassata
showing fanlike surface growth and typical decay pattern of wood. (M 3613F)

Corrective Measures Where Wetting watertight for appreciable lengths of time unless
or Decay Occurs regular attention is given to the joint seals. These

should be resealed at the first sign of leakage. If

eave gutters show corrosion, they should be
Eliminating Conditions covered with a corrosion-inhibiting paint. This is

Responsible for Wetting particularly necessary with recessed gutters be-
cause considerable hidden decay can occur before

The cause of excessive wetting of any wood leakage is evident. Where no edge flashing has
members in a building should be investigated, and been used, it should be installed if there is evi-
measures to correct the situation should be taken dence of sufficient wetting to cause staining of the
as soon as practicable. Ordinarily, alterations or last sheathing board, rafter ends, or facia.
repairs to stop the wetting andtokeep the damaged
item dry are sufficient. If there is any question
about not eliminating the wetting, the replacement Maintenance by Preservative
wood should--as a precautionary measure--be Treatment of Items in Place
treated with preservative. For preventing decay-
producing situations, it is important to remember New wood for replacing areas of decay in
that wood will not decay if its moisture content is buildings should receive the same type of pre-
no more than about 20 percent. To decay it must servative treatment that would be recommended
be contacted by water; moisture imparted by damp for new construction in those areas. Flooding
air alone can cause objectionable swelling, but treatment with brush or spray of items that have
cannot support decay. been in service for a considerable time is not

In making repairs required because of decay, likely to prevent or arrest decay if the job is so
it usually is necessary to replace only wood so big that it must be done on a large scale. It can
weakened that it is no longer serviceable. Infected be effective, however, if it is a home operation,
wood will not endanger adjacently placed sound where the owner can give the time needed to get
wood so long as both are kept dry. the preservative solution sufficiently deep into

Because of the high decay hazard of the roof joints and cracks.

edge, it should be watched for signs of wetting and In flood treating the object is to get the pre-
decay. With flat roofs, gravel stops cannot be kept servative deep into joints and crevices where rain-
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water is likely to be trapped and tohave the pene- losic material that may be making a direct bridge
tration equal that reached by the water. Treating from the soil to the wood of the building. Also,
every few years will add to the margin of safety. eliminate stumps and all building debris. If neces-

Examples of items that can be protected by flood sary, regrade the crawl space orsoil outside the
treating in place are the bases of porch pillars building to provide wood-soil clearance.
and carport posts resting on concrete, plank porch 2. Provide for drainage of surface water away
floors, shutters, window boxes, and lookouts, from the outside foundation and the crawl space. If
Where rain seepage into a joint is indicated by the ground in the crawl space is not dusty dry, in-
failure of nearby paint, trouble from this source elude better ventilation or a soil cover, with the
can be minimized if the joint is floodedby spray- aim of making the air in the space dry enough to
ing or brushing with a water-repellent preserva- restrain the fungus in its development of water-
tive prior to repainting. In treating, the preserva- conducting strands. A polyethylene film sheet is
tive should be kept off plants and grass and not better than roll roofing for a soil cover when the
permitted to accumulate on the skin. A suitable water-conducting fungus is present, because this
preservative for most maintenance treating is 5 fungus will attack asphaltic papers.
percent pentachlorophenol with water repellents 3. Open the foundation of the porch and remove
in mineral spirits. It is widely obtainable and is enough soil from the fill to expose the entire sill

identifiable by the label, under the slab. The opening should be sufficient to
permit inspection of the sill and provide ventilation

to it. If the sill needs replacement, use pressure-
Eradicating the Water- treated wood. Termite-control operators are fam-

Conducting Fungus iliar with the technique of excavating fills.
4. If water-conducting strands or other growths

Decay caused by the water- conducting fungus of the fungus are observed on concrete or brick
is easily prevented by incorporating the building foundations, scrape off the larger strands and
procedures that have been discussed in previous brush off the remainder with a steel brush. Final-

sections. However, if attack has already occured, ly, the cleaned surfaces should be thoroughly
special control measures are reqaired. If the flooded with a preservative. This treatment also
fungus is well established and conditions support- is applicable to situations in which the fungus is
ing it are not removed, large areas of flooring found on concrete exposed by excavating fills or
or walls may have to be repeatedly replaced. by removal of forms. Always examine thetreated
Cases are reported in which replacements were areas and re-treat if any evidence of new growth
necessary at 1- and 2-year intervals, appears. Where it is apparent that water-conduct-

The water-conducting fungus is susceptible ing strands are hidden inside concrete blocks or
to drying; therefore, it should be permanently in loose mortar in brickwork, insert a metal

separated from its source of water. When this is shield between the foundation and substructure
accomplished, the affected wood soon dries, and wood or, if the construction is brick, reset a few
the fungus dies within a few weeks. Then only wood upper courses using cement mortar.
that has been too weakened to safely support its 5. If the source of the decay is traced to a
load needs replacement. However, if there is any plumbing leak, repair the leak. Where the trouble
doubt that the fungus has not been eliminated, it is associated with shower stalls, a completely new
is safest to replace all infected wood with wood watertight lining may be needed. If theframing and
that has been pressure treated with a preservative, sheathing for the floor and walls of the shower are

Usually the fungus gets its water from the exposed during repairs, replace them with pres-
ground or--less frequently--from wet wood or sure-treated wood. The most dangerous leaks are
masonry in the general area where the decay the small ones that are difficult todetect.
occurs. The following are the most common 6. If attack occurs in a slab-on-ground sup-
measures to control the water-conducting fungus; pcrted building that does not meet waterproofing
some will be recognized as measures that should and ground-clearance standards, replace all basal
have been taken at the time of construction, plates with pressure-treated wood and use non-

1. Irrespective of the location of the decay, seek wood flooring. Provide as good outside clearance
out and remove any wood forms left frompouring as possible and chemically treat the slab edge and
concrete steps or foundations and any other wood, adjacent soil. Attack seldom occurs in slab-
building paper, insulation board, or simllarcellu- suWorted houses with adequate Vaterproofing of
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the slab and adequate ground clearance, except 8. If preservative-treated wood is specified,
when unusual wetting occurs, such as that caused use creosote, pentachlorophenol, or a noncopper
by excessive lawn sprinkling or by elevated waterborne compound, applied under pressure.
flower beds. Although all heartwood of decay-resistant species

7. If attack occurs in a basement, replace wood is acceptable for some items and exposures in
in contact with a wall or the floor with pressure- well-designed new buildings, do not use such wood
treated wood. Do not have any enclosed stairs, to replace wood that has been attacked by the
partitions finished on both sides, cupboards, or water-conducting fungus. This fungus will attack
paneling on the outside walls in moist basements, the heartwood of most decay-resistant woods in-
This type of construction creates "dead air* eluding redwood and cedar.

spaces that promote growth of the fungus.
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Specific information on preservative treatment
is available from:

American Wood-Preservers' Association
1625 Eye St., N.W.
Washington, D.C. 20006

and

American Wood Preservers' Institute
1651 Old Meadow Rd.
McLean, Va. 22101
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CA UT ION

This publication includes research information involving pesticides.
It does not contain recommendations for their use, nor does it imply that
the uses discussed have been registered. All uses of pesticides must
be registered by appropriate State and/or Federal agencies before they
can be recommended.

Pesticides used improperly can be injurious to man, animals, and
plants. Follow the directions and heed all precautions on the labels.

Store pesticides in original containers--out of reach of children and
pets.

Homeowners are advised to use only pesticides that bear a Federal
registration number and carry directions for home and garden use.
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